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MULTI-DIAMETER CATHETER AND RELATED DEVICES AND

METHODS
BACKGROUND

[0001]  Infusion therapy, a common healthcare procedure, may be facilitated by a vascular
access device. Hospitalized, home care, and other patients receive fluids, pharmaceuticals, and
blood products via a vascular access device inserted into the vascular system. Blood withdrawal
1s another common healthcare procedure that may be facilitated by a vascular access device.
[0002] A vascular access device may access a peripheral or central vasculature of a patient. A
vascular access device may be indwelling for short term (days), moderate term (weeks), or long
term (months to years). A vascular access device may be used for continuous infusion therapy or
for intermittent therapy.

[0003] A common type vascular access device 1s an over-the-needle peripheral intravenous
catheter (PIVC). As 1ts name implies, the “over-the-needle” PIVC may be mounted over an
introducer needle having a sharp distal tip. The sharp distal tip may be used to pierce skin and
the vasculature of the patient. Insertion of the PIVC into the vasculature may follow the piercing
of the vasculature by the needle. The needle and the PIVC are generally inserted at a shallow
angle through the skin into the vasculature of the patient with a bevel of the needle facing away
from the skin of the patient. Once placement of the needle within the vasculature has been
confirmed, the clinician may temporarily occlude flow in the vasculature and withdraw the
needle, leaving the PIVC 1n place for future fluid infusion and/or blood withdrawal.

[0004]  Currently, there may be several limitations to the use of a PIVC for fluid infusion or
blood draw. The PIVC or vein may narrow, collapse, or clog with time, leading to failure of the
PIVC. Also, blood extracted from PIVCs may often need to be discarded due to concerns

regarding sample quality, which may result in an unusable sample and a need to repeat blood
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collection. Further, use of a PIVC to draw blood can be slow and somewhat 1nefficient,
particularly when the patient as difficult intravenous access or veins that are not readily accessed
by the clinician.

[0005] The subject matter claimed herein 1s not limited to embodiments that solve any
disadvantages or that operate only 1n environments such as those described above. Rather, this
background 1s only provided to 1illustrate one example technology area where some

implementations described herein may be practiced.

SUMMARY

[0006] The present disclosure relates generally to vascular access systems, devices, and
methods. More particularly, 1n some embodiments, the present disclosure relates to systems,
devices, and methods for placing a first catheter within a second catheter and/or a vein of a
patient. In some embodiments, the second catheter may include an indwelling PIVC. In some
embodiments, the first catheter may allow a user to draw a blood sample or infuse fluid through
the second catheter when the second catheter 1s no longer functional or less effective due to, for
example, debris build up on a distal end of the second catheter or collapse of the second catheter.
Thus, 1n some embodiments, the first catheter may reduce a number of needle sticks that a
patient experiences as the second catheter may be replaced less frequently.

[0007] In some embodiments, a delivery device for delivering the first catheter into an
intravenous catheter assembly and/or the vein may include a housing, which may include a distal
end, a proximal end, and a slot. In some embodiments, the delivery device may include the first
catheter, which may include a proximal end and a distal end. In some embodiments, the delivery

device may include a catheter hub, which may be disposed within the housing. In some
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embodiments, the first catheter may be secured to the catheter hub. In some embodiments, a
portion of the catheter hub may extend through the slot and may be moveable along the slot to
advance the catheter in a distal direction and/or retract the catheter in a proximal direction. In
some embodiments, the distal end of the first catheter may be disposed distal to the distal end of
the housing when the first catheter 1s fully and/or partially advanced.

[0008] In some embodiments, the first catheter may include a first portion and a second
portion. In some embodiments, the first portion may include a first inner diameter along an entire
length of the first portion and a first outer diameter along the entire length of the first portion. In
some embodiments, the second portion may be disposed proximal to the first portion. In some
embodiments, the second portion may include a second inner diameter and a second outer
diameter along an entire length of the second portion. In some embodiments, the second inner
diameter may be greater than the first inner diameter. In some embodiments, the second outer
diameter may be greater than the first outer diameter. In some embodiments, the first portion
may include the distal end of the catheter.

[0009] In some embodiments, the first catheter may include a third portion, which may be
disposed proximal to the second portion. In some embodiments, the third portion may include a
third 1inner diameter along an entire length of the third portion and a third outer diameter along an
entire length of the third portion. In some embodiments, the third inner diameter may be greater
than the second inner diameter. In some embodiments, the third outer diameter may be greater
than the second outer diameter. In some embodiments, the third portion may include the
proximal end of the first catheter.

[0010] In some embodiments, the first catheter may include a transition portion disposed

between the first portion and the second portion and/or another transition portion disposed



WO 2019/203997 PCT/US2019/024377

between the second portion and the third portion. In some embodiments, at least a portion of an
outer surface of the transition portion may be tapered and/or stepped. In some embodiments, at
least a portion of an inner surface of the transition portion may be tapered and/or stepped. In
some embodiments, at least a portion of an outer surface of the other transition portion may be
tapered and/or stepped. In some embodiments, at least a portion of an inner surface of the other
transition portion may be tapered and/or stepped.

[0011] In some embodiments, the portion of the catheter hub that extends through the slot
may be coupled to a blood collection device. In some embodiments, the first catheter may extend
through or near the proximal end of the housing, and the proximal end of the first catheter may
be coupled to the blood collection device.

[0012] In some embodiments, the delivery device may include a guidewire, which may
include a proximal end and a distal end. In some embodiments, the guidewire may be disposed
within the first catheter. In some embodiments, a guidewire hub may be disposed within the
housing proximal to the catheter hub. In some embodiments, the guidewire may be secured to the
guidewire hub. In some embodiments, a portion of the guidewire hub may extend through the
slot and may be moveable along the slot to advance the guidewire 1in the distal direction and/or
retract the guidewire 1in a proximal direction. In some embodiments, the distal end of the
guidewire may be disposed distal to the distal end of the housing when the guidewire 1s fully
and/or partially advanced.

[0013] In some embodiments, the guidewire may be partially or fully retracted when the first
catheter 1s advanced. In some embodiments, when the first catheter 1s fully advanced 1n the distal
direction and the guidewire 1s fully advanced in the distal direction, the distal end of the

guidewire may be approximately aligned with the distal end of the first catheter.
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[0014] In some embodiments, the catheter hub may include an advancement tab, which may
be coupled to the portion of the catheter hub that extends through the slot. In some embodiments,
the guidewire hub may include another advancement tab, which may be coupled to the portion of
the guidewire hub that extends through the slot.

[0015] In some embodiments, an intravenous catheter system may include the catheter
assembly, which may include a catheter adapter and the second catheter. In some embodiments,
the catheter adapter may include a distal end, a proximal end, and a lumen extending between the
distal end and the proximal end. In some embodiments, the catheter adapter may include a side
port. In some embodiments, the second catheter may be secured to the catheter adapter and may
extend distally from the catheter adapter.

[0016] In some embodiments, an extension set may be coupled to the catheter adapter. In
some embodiments, the extension set may include an extension tube, which may include a distal
end and a proximal end. In some embodiments, the extension tube may extend from the side
port. In some embodiments, the extension tube may extend from the proximal end of the catheter
adapter, which may be axially aligned with the distal end of the catheter adapter. In some
embodiments, the extension set may include a connector, which may be coupled to the proximal
end of the extension tube.

[0017] In some embodiments, the catheter system may include the delivery device. In some
embodiments, the transition portion may be disposed within the lumen of the catheter adapter
when the first catheter 1s fully and/or partially advanced. In some embodiments, the other
transition portion may be disposed within a lumen of the extension tube when the first catheter 1s
fully and/or partially advanced. In some embodiments, the catheter system may include the

guidewire and/or the guidewire hub. In some embodiments, the distal end of the guidewire may
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be disposed distal to the distal end of the second catheter when the guidewire 1s fully and/or
partially advanced.

[0018] It 1s 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 1s, therefore, not to be

taken 1n a limiting sense.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0019] Example embodiments will be described and explained with additional specificity and
detail through the use of the accompanying drawings 1n which:

[0020]  Figure 1A 1s an upper perspective view of an example delivery device, illustrating an
example catheter and example guidewire each in a fully retracted position, according to some
embodiments:

[0021]  Figure 1B 1s a cross-sectional view of the delivery device of Figure 1A, illustrating the
catheter and the guidewire each 1n the fully retracted position, according to some embodiments;
[0022] Figure 2A 1s an upper perspective view of the delivery device of Figure 1A,
illustrating the catheter and the guidewire each 1n a fully advanced position, according to some

embodiments;
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[0023]  Figure 2B 1s a cross-sectional view of the delivery device of Figure 1A, illustrating the
catheter and the guidewire each 1n the fully advanced position, according to some embodiments;
[0024] Figure 3A 1s an upper perspective view of the delivery device of Figure 1A,
illustrating the catheter 1n the fully advanced position and the guidewire in a partially retracted
position, according to some embodiments;

[0025]  Figure 3B 1s a cross-sectional view of the delivery device of Figure 1A, 1llustrating the
catheter 1n the advanced position and the guidewire 1n the partially retracted position, according
to some embodiments;

[0026] Figure 4A 1s an upper perspective view of the delivery device of Figure 1A,
illustrating the catheter in the fully advanced position and the guidewire in the fully retracted
position, according to some embodiments;

[0027]  Figure 4B 1s a cross-sectional view of the delivery device of Figure 1A, illustrating the
catheter 1n the fully advanced position and the guidewire 1n the fully retracted position,
according to some embodiments;

[0028]  Figure 5A 1s a cross-sectional view of an example catheter system that includes the
delivery device of Figure 1A, illustrating the catheter and the guidewire each in the fully
advanced position, according to some embodiments;

[0029]  Figure 5B 1s an enlarged cross-sectional view of a portion of the catheter system of
Figure SA, according to some embodiments;

[0030]  Figure 5C 1s an enlarged cross-sectional view of another portion of the catheter system

of Figure SA, according to some embodiments;
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[0031]  Figure 5D 1s a cross-sectional view of the catheter system of Figure SA, 1llustrating the
catheter 1in the fully advanced position and the guidewire in the partially retracted position,
according to some embodiments;

[0032]  Figure 6A 1s an upper perspective view of another example catheter system that may
include the delivery device of Figure 1A, according to some embodiments;

[0033]  Figure 6B 1s a cross-sectional view of the catheter system of Figure 6A, according to
some embodiments;

[0034] Figure 7A 1s an upper perspective view of an example blood collection device,
according to some embodiments;

[0035]  Figure 7B 1s another upper perspective view of the blood collection device of Figure
7A, according to some embodiments; and

[0036]  Figure 8 is a cross-sectional view of another example catheter.

DESCRIPTION OF EMBODIMENTS

[0037] The present disclosure relates generally to vascular access systems, devices, and
methods. More particularly, 1n some embodiments, the present disclosure relates to systems,
devices, and methods for placing a first catheter within a second catheter and/or a vein of a
patient. In some embodiments, the second catheter may include an indwelling PIVC. In some
embodiments, the second catheter may be a small gauge catheter, such as, for example, 26, 24,
or 22 gauge, or a large gauge catheter, such as, for example, 20 gauge or above.

[0038] Referring now to Figure 1A-1B, in some embodiments, a delivery device 10 for
delivering a catheter 12 into an intravenous catheter assembly and/or the vein may include a

housing 14, which may include a distal end 16, a proximal end 18, and a slot 20. In some
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embodiments, the delivery device 10 may include the catheter 12, which may include a proximal
end 22 and a distal end 24.

[0039] In some embodiments, the delivery device 10 may include a catheter hub 26, which
may be disposed within the housing 14. In some embodiments, the catheter 12 may be secured to
the catheter hub 26. In some embodiments, the proximal end 22 of the catheter 12 may be
secured to the catheter hub 26, as illustrated, for example, in Figure 1B. In some embodiments, a
portion of the catheter hub 26 may extend through the slot 20 and may be moveable along the
slot 20 to advance the catheter 12 1n a distal direction and/or retract the catheter 12 in a proximal
direction. In some embodiments, the distal end 24 of the catheter 12 may be disposed distal to
the distal end 16 of the housing 14 when the catheter 12 1s fully and/or partially advanced.

[0040] In some embodiments, the catheter 12 may include a first portion 28 and a second
portion 30. In some embodiments, the first portion 28 may include a first inner diameter along an
entire length of the first portion 28 and a first outer diameter along the entire length of the first
portion 28. In some embodiments, the second portion 30 may be disposed proximal to the first
portion 28. In some embodiments, the second portion 30 may include a second inner diameter
and a second outer diameter along an entire length of the second portion 30. In some
embodiments, the second 1nner diameter may be greater than the first inner diameter. In some
embodiments, the second outer diameter may be greater than the first outer diameter. In some
embodiments, the first portion 28 may include the distal end 24 of the catheter 12. In some
embodiments, the distal end 24 of the catheter 12 may include a tapered tip, which may be
disposed proximate and distal to the first portion 28. In some embodiments, the second portion

30 may include the proximal end 22 of the catheter 12.
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[0041] In some embodiments, the catheter 12 may include a third portion, which may be
disposed proximal to the second portion 30. In some embodiments, the third portion may include
a third 1inner diameter along an entire length of the third portion and a third outer diameter along
an entire length of the third portion. In some embodiments, the third inner diameter may be
greater than the second inner diameter. In some embodiments, the third outer diameter may be
greater than the second outer diameter. In some embodiments, the third portion may include the
proximal end of the catheter 12. Example third portions are illustrated in Figures 5SA and 5C-5D
and Figure 8.

[0042] In some embodiments, the catheter 12 may include a transition portion 32 disposed
between the first portion 28 and the second portion 30 and/or another transition portion
(1llustrated, for example, 1n Figure 5C or Figure 8) disposed between the second portion 30 and
the third portion. In some embodiments, at least a portion of an outer surface of the transition
portion 32 may be tapered and/or stepped. In some embodiments, the outer surface of the
transition portion 32 may include various shapes or combination of shapes. For example, a first
portion of the outer surface of the transition portion 32 may be gradually tapered and a second
portion of the outer surface of the transition portion 32 may be stepped. In some embodiments, at
least a portion of an 1nner surface of the transition portion 32 may be tapered and/or stepped. In
some embodiments, the inner surface of the transition portion 32 may include various shapes or
combination of shapes. For example, a first portion of the inner surface of the transition portion
32 may be gradually tapered and a second portion of the inner surface of the transition portion 32
may be stepped. In some embodiments, the inner surface of the transition portion 32 and/or the
outer surface of the transition portion 32 may be linearly tapered along all or a portion of the

length of the transition portion 32.
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[0043] In some embodiments, at least a portion of an outer surface of the other transition
portion may be tapered and/or stepped. In some embodiments, the outer surface of the other
transition portion may include various shapes or combination of shapes. For example, a first
portion of the outer surface of the transition portion may be gradually tapered and a second
portion of the outer surface of the other transition portion may be stepped. In some embodiments,
at least a portion of an inner surface of the other transition portion may be tapered and/or
stepped. In some embodiments, the 1nner surface of the other transition portion may include
various shapes or combination of shapes. For example, a first portion of the inner surface of the
other transition portion may be gradually tapered and a second portion of the inner surface of the
other transition portion may be stepped. In some embodiments, the inner surface of the transition
portion and/or the outer surface of the other transition portion may be linearly tapered along all
or a portion of the length of the other transition portion.

[0044] In some embodiments, the portion of the catheter hub 26 that extends through the slot
20 may be coupled to a blood collection device. In some embodiments, the portion of the
catheter hub 26 that extends through the slot 20 may be directly coupled to the blood collection
device. In some embodiments, the portion of the catheter hub 26 that extends through the slot 20
may be coupled to the blood collection device via extension tubing 34, which may include a
connector on a proximal end of the extension tubing for connecting the blood sampling device to
the extension tubing 34. In some embodiments, the connector may be disposed on the portion of
the catheter hub 26 that extends through the slot 20. In some embodiments, a fluid pathway of

the catheter system 50 may include the catheter 12, the catheter hub 26, and the extension tubing

34.
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[0045] In some embodiments, the delivery device 10 may include a guidewire 36, which may
include a proximal end 38 and a distal end 40. In some 1nstances, the guidewire 36 may be used
to facilitate placement of the catheter 12 within the vein of the patient, which may result 1n less
vein-related trauma and may support the catheter 12 during advancement to prevent collapse or
buckling of the catheter 12 as 1t advances through a second catheter (such as, for example, the
catheter 35 illustrated 1n Figures 5-6) Upon successful placement of the catheter 12 within the
veln, the guidewire may be retracted.

[0046] In some embodiments, the guidewire 36 may be disposed within the catheter 12. In
some embodiments, an outer diameter of the guidewire 36 may be less than an inner diameter of
the catheter 12 such that fluid may flow 1nto through the catheter 12. In some embodiments, the
fluid may flow between an outer surface of the guidewire 36 and an inner surface of the catheter
12. In some embodiments, a guidewire hub 42 may be disposed within the housing 14 proximal
to the catheter hub 26.

[0047] In some embodiments, the guidewire 36 may be secured to the guidewire hub 42. In
some embodiments, the proximal end 38 of the guidewire 36 may be secured to the guidewire
hub 42, as illustrated, for example, in Figure 1B. In some embodiments, a portion of the
guidewire hub 42 may extend through the slot 20 and may be moveable along the slot 20 to
advance the guidewire in the distal direction and/or retract the guidewire in the proximal
direction.

[0048]  Figures 1A-1B illustrate both the guidewire 36 and the catheter 12 in a fully retracted
position, prior to advancing the guidewire 36 or the catheter 12 in the distal direction or after
returning the catheter 12 and/or the guidewire 36 from an advanced position, according to some

embodiments. In some embodiments, when the guidewire hub 52 1s fully retracted proximally to
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retract the guidewire 36, the guidewire hub 52 may contact a proximal end of the slot 20 and/or
the proximal end 18 of the housing 14, which may act as a stop.

[0049]  In some embodiments, the catheter hub 26 may include an advancement tab 44, which
may be coupled to the portion of the catheter hub 26 that extends through the slot 20. In some
embodiments, the guidewire hub 42 may include another advancement tab 46, which may be
coupled to the portion of the guidewire hub 42 that extends through the slot 20. In some
embodiments, the advancement tab 44 and the advancement tab 46 may be disposed proximate
or near each other so as to be simultaneously moved or pinched by a hand of a user, according to
some embodiments. In some embodiments, the advancement tab 44 and the advancement tab 46
may include platforms that may be aligned or positioned 1n a same plane. In some embodiments,
the advancement tabs 44 and/or the advancement tab 46 may include various shapes, sizes, and
configurations.

[0050] In some embodiments, the catheter hub 26 may include a septum 48, which may
prevent fluid, such as blood, from moving proximal to the catheter hub 26. In some
embodiments, the guidewire 36 may extend through the septum 48.

[0051] In some embodiments, the delivery device 10 may include a connector 49, which may
be configured to couple the delivery device 10 to a catheter system. In some embodiments, the
connector 49 may include a luer adapter, such as a slip or thread male or female luer adapter, or
another suitable connector.

[0052] In some embodiments, the delivery device 10 may include a blood control septum 31,
which may be disposed within a lumen of the delivery device 10. In some embodiments, the
septum 51 may be disposed proximate or towards the distal end 16 of the delivery device 10. In

some embodiments, the catheter 12 may penetrate the septum 51 1n response to the catheter 12

13-



WO 2019/203997 PCT/US2019/024377

being advanced. In some embodiments, the septum 51 may prevent blood from travelling
between the catheter 12 and an inner surface of the delivery device 10 such that blood may not
enter at least a portion of the delivery device 10.

[0053] Referring now to Figures 2A-2B, the catheter hub 26 and the guidewire hub 42 may be
fully advanced, according to some embodiments. In some embodiments, when the catheter hub
26 1s tully advanced in the distal direction to fully advance the catheter 12, the catheter hub 26
may contact a distal end of the slot 20 and/or an inner surface of the housing 14, which may act
as a stop. In some embodiments, the guidewire hub 42 may contact a proximal end of the
catheter hub 26 1n response to the guidewire hub 42 being fully advanced.

[0054] In some embodiments, the distal end 40 of the guidewire 36 may be disposed distal to
the distal end 16 of the housing 14 when the guidewire 36 1s fully and/or partially advanced. In
some embodiments, when the catheter 12 1s fully advanced in the distal direction and the
guidewire 1s fully advanced 1n the distal direction, the distal end 40 of the guidewire 36 may be
approximately aligned with the distal end 24 of the catheter 12. In some embodiments,
movement of the guidewire hub 42 1n the distal direction may also move the catheter hub 26 1n
the distal direction, advancing both the guidewire 36 and the catheter 12. In some embodiments,
movement of the catheter hub 26 in the proximal direction may also move the guidewire hub 42
in the proximal direction, retracting the guidewire 36 and the catheter 12. In some embodiments,
the catheter hub 26 and the guidewire hub 42 may be configured to move independently of each
other.

[0055] Referring now to Figures 3A-3B, in some embodiments, the guidewire 36 may be
partially retracted when the catheter 12 1s advanced. In some embodiments, the guidewire 36

may be partially retracted such that the distal end 40 of the guidewire 1s disposed in the first
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portion 28 or the second portion 30. In some embodiments, the first inner diameter of the first
portion 28 and/or the second inner diameter of the second portion 30 may allow improved blood
flow rates during blood collection. In further detail, in some embodiments, the outer diameter of
the guidewire 36 may be less than the first inner diameter of the first portion 28 and/or the
second 1nner diameter of the second portion 30, which may allow blood to flow around the
guidewire 36 during blood collection. Referring now to Figures 4A-4B, in some embodiments,
the gumidewire 36 may be fully retracted when the catheter 12 1s advanced. In some embodiments,
blood flow rates through the catheter 12 may be even greater when the guidewire 36 1s fully
retracted compared to when the guidewire 36 1s partially retracted.

[0056] Referring now to Figures 5A-5C, in some embodiments, an intravenous catheter
system 50 may include a catheter assembly 52, which may include a catheter adapter 54 and a
catheter 55, which may be indwelling. In some embodiments, the catheter 55 may include a PIV
catheter. In some embodiments, the catheter adapter 54 may include a distal end 56, a proximal
end 58, and a lumen 60 extending between the distal end 56 and the proximal end 58. In some
embodiments, the distal end 56 and the proximal end 58 of the catheter adapter 54 may be axially
aligned. In some embodiments, the catheter adapter 54 may include a side port 62. In some
embodiments, the catheter 55 may be secured to the catheter adapter 54 and may extend distally
from the catheter adapter 54.

[0057] In some embodiments, an extension set 64 may be coupled to the catheter adapter 54.
In some embodiments, the extension set 64 may include extension tubing 66, which may include
a distal end 68 and a proximal end 70. In some embodiments, the extension tubing 66 may
extend from the side port 62. In some embodiments, the extension set 64 may include a

connector 72, which may be coupled to the proximal end 70 of the extension tubing 66. In some
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embodiments, the connector 72 may include a luer adapter, such as a male or female luer
adapter, or another suitable connector. In some embodiments, the distal end 68 of the extension
tubing 66 may be fixed to or integrally formed with the side port 62.

[0058] In some embodiments, the catheter system 50 may include the delivery device 10. In
some embodiments, the catheter system 50 may include the guidewire 36 and/or the guidewire
hub 42. In some embodiments, the distal end 40 of the guidewire 36 and/or the distal end 24 of
the catheter 12 may be disposed distal to the distal end of the catheter 55 when the guidewire 36
1s fully and/or partially advanced.

[0059] In some embodiments, the catheter 12 may provide structural support to the catheter
55. In some embodiments, the catheter 12 may allow the user to draw a blood sample or infuse
fluid through the catheter 55 when the catheter 55 1s no longer functional or safe due to, for
example, debris build up on the tip 75 of the catheter 55 and/or collapse of the catheter 35. Thus,
in some embodiments, the catheter 12 may reduce a number of needle sticks that the patient
experiences as the catheter 55 may be replaced less frequently.

[0060] In some embodiments, delivery of the catheter 12 into the catheter system 50 and/or
the vasculature of the patient may reduce blood hemolysis and a risk of kinking of the catheter
53. In some embodiments, the delivery device 10 may allow use of the guidewire 36, which may
improve placement of the catheter 12 within the vasculature. In some embodiments, the
connector 72 may be disposed remotely from the patient, which may reduce a risk ot disturbing
an 1nsertion site of the catheter 55.

[0061] In some embodiments, the transition portion 32 may be disposed within the lumen 60
of the catheter adapter 54 when the catheter 12 1s fully and/or partially advanced. In some

embodiments, the other transition portion 74 may be disposed within a lumen of the extension
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tubing 66 when the catheter 12 1s fully and/or partially advanced. In some embodiments, when
the catheter 12 1s fully and/or partially advanced, the transition portion 32 may be disposed
within the catheter 55 proximal and/or proximate the tip 75 of the catheter 55, which may be
narrowed compared to a body 77 of the catheter 535.

[0062] In some embodiments, the transition portion 32 and/or the other transition may
decrease a blood collection time because the catheter 12 may transition to a larger inner diameter
in wider portions of the catheter system 50, allowing blood to tlow through the catheter 12 more
rapidly. In some embodiments, the first outer diameter of the first portion 28 may be
approximately equal to or slightly less than an inner diameter of a tip 75 of the catheter 55. In
some embodiments, the second outer diameter of the second portion 30 may be approximately
equal to or slightly less than an inner diameter of the body 77 of the catheter 55. In some
embodiments, the third outer diameter of the third portion may be approximately equal to or
slightly less than an 1inner diameter of the extension tubing 66.

[0063] In some embodiments, the catheter 12 may include any number of transition portions,
which may be similar to the transition portion 32 and the transition portion 74. In some
embodiments, each of the particular transition portions of the catheter 12 may be disposed
between a section of the catheter 12 having a uniform inner diameter and a uniform outer
diameter. In some embodiments, the catheter 12 may include only one transition portion, only
two transition portions, or only three transition portions. In some embodiments, the catheter 12
may include more than three transition portions. In some embodiments, a number of transition
portions of the catheter 12 may correspond to a number of areas of widening of a pathway of the
catheter 12 through the catheter system 30. In some embodiments, when the catheter 12 1s fully

and/or partially advanced, the transition portion 32 may be disposed within the catheter 35
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proximal and/or proximate the tip 74 of the catheter 55, which may be tapered. In some
embodiments, when the catheter 12 1s fully and/or partially advanced, the transition portion 74
may be disposed within the lumen 60 of the catheter adapter 54. In some embodiments, another
transition portion proximal to the transition portion 32 and the transition portion 74 may be
disposed within a lumen of the extension tubing 66 when the catheter 12 1s fully and/or partially
advanced.

[0064] In some embodiments, the transition portions may include various shapes or
combination of shapes. In some embodiments, the inner surface and/or outer surface of the
transition portions may be gradual. Additionally or alternatively, 1n some embodiments, the inner
surface and/or outer surface of the transition portions may be abrupt or stepped.

[0065] In some embodiments, the catheter 12 may include tubing. In some embodiments, the
tubing may be co-extruded to provide various structural improvements (layers, axial stripes.
etc.). In some embodiments, the tubing may be constructed of polyimide, latex, polyurethane,
nylon, polyethylene, or another suitable material. In some embodiments, the tubing may be
cylindrical. In some embodiments, the catheter 12 may include a tapered tip, a chamfered tip, or
a blunt tip. In some embodiments, the transition portions, such as the transition portion 32 and/or
the transition portion 74, may be constructed by extrusion of a continuous tube, which may be
monolithically formed as a single unit, or by joining multiple tubes of varying inner and outer
diameters together. In some embodiments, the multiple tubes may be constructed of a same or
different material. In some embodiments, the multiple tubes may bonded, swaged, tipped.
welded, or joined via another suitable method.

[0066] In some embodiments, the catheter adapter 54 may be integrated, having an integrated

extension tube, or non-integrated. In some embodiments, a lubricant, such as, for example, a
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silicon lubricant, may be disposed between the catheter 12 and a blood control septum 37 of the
catheter adapter 54 through which the catheter 12 may travel. In some embodiments, the blood
control septum 37 may be disposed within the catheter adapter 54. Additionally or alternatively,
a blood control septum 39 may be disposed within the connector 72. In some embodiments, the
lubricant may be disposed between the catheter 12 and the septum 39. In some embodiments, the
blood control septum 37 and/or the blood control septum 39 may include a slit that maintains a
secal when the catheter 12 1s advanced and/or retracted. In some embodiments, the delivery
device 10 may be compatible with catheter adapters 54 having a blood control septum or not
having a blood control septum. In some embodiments, the lubricant may be disposed between the
catheter 12 and the septum 48 of the catheter hub 26. In some embodiments, the lubricant may be
disposed between the catheter 12 and the septum 51 of the delivery device 10.

[0067] Referring now to Figure 5D, 1n some embodiments, the distal end 40 of the guidewire
36 may be disposed within a lumen of the catheter 55 when the guidewire 36 1s partially and/or
fully retracted by proximal movement of the guidewire hub 42. In some embodiments, the distal
end 40 of the guidewire 36 may be disposed proximal to the transition portion 32 when the
guidewire 36 1s partially and/or fully retracted by proximal movement of the guidewire hub 42.
[0068] In some embodiments, the guidewire 36 may include an echogenic distal end 40 or a
magnetic distal end 40 which may aid 1n ultra-sound visualization of the distal end 24 of the
catheter 12 relative to the vasculature of the patient. In some embodiments, the guidewire 36
may 1nclude a blunt distal end 40.

[0069] Referring now to Figures 6A-6B, another catheter system 80 1s illustrated. In some
embodiments, the catheter system 80 may include or correspond to the catheter system 50 of

Figure 5. In further detail, the catheter system 80 may include one or more features of the
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catheter system 50. In some embodiments, the catheter system 350 may include one or more
features of the catheter system 80.

[0070] In some embodiments, the extension tubing 66 may extend from the proximal end 58
of the catheter adapter 54, which may be axially aligned with the distal end 56 of the catheter
adapter 54. In some embodiments, the connector 72 may be coupled to the proximal end 70 of
the extension tubing 66. In some embodiments, the connector 76 may be directly coupled to the
connector 72, and the catheter system 80 may not include the extension tubing 66.

[0071] In some embodiments, the distal end 68 of the extension tubing 66 may be coupled to
the proximal end 58 of the catheter adapter 54. In some embodiments, another connector 76 may
be configured to connect the distal end 68 of the extension tubing 66 to the proximal end 58 of
the catheter adapter 54. In some embodiments, the connector 76 may selectively or fixedly
couple the distal end 68 of the extension tubing 66 to the proximal end 58 of the catheter adapter
54. In some embodiments, the connector 76 may include a luer adapter, such as a male or female
luer adapter, or any other suitable connector.

[0072] In some embodiments, the connector 76 may be absent. In some embodiments, the
extension tubing 66 may be pre-attached to the catheter adapter 54. In these and other
embodiments, the distal end 68 of the extension tubing 66 may be fixedly coupled to or
integrated with the proximal end 38 of the catheter adapter 34.

[0073] In some embodiments, the delivery device 10 may extend through the catheter system
80 1n a stmilar way as illustrated in Figure SA-5D. For example, the transition portion 32 may be
disposed within the lumen 60 of the catheter adapter 54 and/or within the catheter 55 when the
catheter 12 1s fully and/or partially advanced. As another example, the other transition portion 74

may be disposed within a lumen of the extension tubing 66 when the catheter 12 1s fully and/or
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partially advanced. As yet another example, the distal end 40 of the guidewire 36 may be
disposed distal to the distal tip 75 of the catheter 55 when the guidewire 36 1s fully and/or
partially advanced.

[0074]  Referring now to Figures 7A, 1n some embodiments, the portion of the catheter hub 26
that extends through the slot 20 may be coupled to a blood collection device 78. In these and
other embodiments, the delivery device 10 may or may not include the guidewire 36 and/or the
guidewire hub 42. In some embodiments, the blood collection device 52 may include any
suitable type of blood collection device. In some embodiments, the blood collection device 52
may 1nclude a reservoir. In some embodiments, the blood collection device 352 may include a
vacuum tube, test tube, or syringe. In some embodiments, the blood collection device 52 may
include an adapter, which may be configured to hold a test tube or syringe. In some
embodiments, the blood collection device 78 may move distally as the catheter hub 26 1s
advanced and/or proximally as the catheter hub 26 1s retracted.

[0075] Referring now to Figure 7B, 1n some embodiments, the catheter 12 may extend
through an opening in the proximal end 18 of the housing 14, and the proximal end 18 of the
catheter 12 may be coupled to the blood collection device 78. In some embodiments, the blood
collection device 78 may move distally as the catheter hub 26 1s moved distally and/or
proximally as the catheter hub 26 moves proximally. In these and other embodiments, the
delivery device 10 may or may not include the guidewire 36 and/or the guidewire hub 42.

[0076] In some embodiments, the blood collection device 78 may be used with the delivery
device 10, which may be part of the catheter system 50 of Figure 5 and/or the catheter system 80
of Figure 6. In some embodiments, the blood collection device 78 may be configured to be used

with the guidewire 36. For example, a proximal end of the guidewire 36 may extend parallel to

71 -



WO 2019/203997 PCT/US2019/024377

and/or next to the extension tubing 34 such that the proximal end 38 of the guidewire 36 1s
disposed external to the extension tubing 34 and the blood collection device 78. In some
embodiments, the delivery device 10 may not include the guidewire 36 and/or the guidewire hub
42. In some embodiments, the catheter 12 and/or the guidewire 36 may be replaced with another
instrument, such as, for example, a probe, a light tube for disinfection, or another suitable
instrument.

[0077]  Referring now to Figure 8, another example catheter 82 1s illustrated, according to
some embodiments. In some embodiments, the catheter 82 may include or correspond to the
catheter 12 of any of the previous Figures. In some embodiments, the catheter 12 may include
one or more features of the catheter 82. In some embodiments, the delivery device 10 may
include the catheter 82 and/or the guide wire 36, and the delivery device 10 may be part of the
catheter system 50 of Figure 5 and/or the catheter system 80 of Figure 6. In some embodiments,
the transition portion 32 and/or the transition portion 74 may be tapered as illustrated, for
example, in Figure 8.

[0078] It 1s 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 1n 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 1s, therefore, not to be

taken 1n a limiting sense.
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[0079]  All examples and conditional language recited herein are intended for pedagogical
objects to aid the reader 1n 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 1n detail, 1t 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. An intravenous catheter system, comprising:
a delivery device, comprising:

a housing having a distal end, a proximal end, and a slot;

a first catheter having a proximal end and a distal end; and

a catheter hub disposed within the housing, wherein the first catheter is secured to the
catheter hub, wherein a portion of the catheter hub extends through the slot and is moveable
along the slot to advance the first catheter in a distal direction;
a catheter assembly, comprising:

a catheter adapter having a distal end, a proximal end, a lumen extending between the
distal end of the catheter adapter and the proximal end of the catheter adapter; and

a second catheter secured to the catheter adapter and extending distally from the catheter
adapter; and
an extension set coupled to the catheter adapter, comprising:

an extension tube having a distal end and a proximal end; and

a connector coupled to the proximal end of the extension tube, wherein the distal end of
the first catheter is disposed beyond a distal end of the second catheter when the first catheter is
advanced,

wherein the first catheter comprises a first portion, a second portion, and a transition
portion disposed between the first portion and the second portion, wherein the first portion
includes a first inner diameter along an entire length of the first portion and a first outer diameter
along the entire length of the first portion, wherein the second portion is disposed proximal to the

first portion, wherein the second portion includes a second inner diameter and a second outer
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diameter along an entire length of the second portion, wherein the second inner diameter is
greater than the first inner diameter, wherein the second outer diameter is greater than the first
outer diameter, wherein the transition portion is disposed within the lumen of the catheter
adapter when the first catheter is advanced,

wherein the first catheter further comprises a third portion and a second transition portion
disposed between the second portion and the third portion, wherein the third portion is disposed
proximal to the second portion, wherein the third portion includes a third inner diameter along an
entire length of the third portion and a third outer diameter along the entire length of the third
portion, wherein the third inner diameter is greater than the second inner diameter, wherein the
third outer diameter is greater than the second outer diameter, wherein the second transition

portion is disposed within a lumen of the extension tube when the first catheter is advanced.

2. The intravenous catheter system of claim 1, wherein the catheter adapter further

comprises a side port, wherein the extension tube extends from the side port.

3. The intravenous catheter system of claim 1, wherein the extension tube extends from the

proximal end of the catheter adapter.

4. The intravenous catheter system of claim 1, further comprising:

a guidewire having a proximal end and a distal end, wherein the guidewire is disposed
within the first catheter; and

a guidewire hub disposed within the housing proximal to the catheter hub, wherein the
guidewire is secured to the guidewire hub, wherein a portion of the guidewire hub extends

through the slot and is moveable along the slot to advance the guidewire in the distal direction,
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wherein the distal end of the guidewire is disposed distal to the distal end of the second catheter

when the guidewire is advanced.

5. The intravenous catheter system of claim 4, wherein the guidewire is configured to be

retracted when the first catheter is advanced.
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