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AN INTRAVENOUS CATHETER WITH
DUCKBILL VALVE

BACKGROUND

[0001] The current invention relates to intravenous (IV) infusion devices, including 1V
catheters. In particular, the invention relates to an IV catheter assembly having a blood
control valve therein and an activator attachment that enables access to the interior of the
IV catheter assembly.

[0002] IV catheters are commonly used for a variety of infusion therapies, including
infusing fluids into a patient, withdrawing blood from a patient, or monitoring various
parameters of the patient’s vascular system. Catheters are typically connected to a
catheter adapter that accommodates the attachment of IV tubing to the catheter. Blood
control catheters include an internal blood control valve that is opened by the insertion of a
male luer or other object into a proximal end of the catheter adapter. Non-limiting
examples of blood control valves are disclosed in the United States Patent Application
Publication No. 2011/0046570, filed August 20, 2009, titled “Systems and Methods for
Providing a Flushable Catheter Assembly.” Thus, following placement of the catheter into
the vasculature of a patient, an IV fluid source can be connected to the catheter adapter,
opening the blood control valve. Thus connected, fluid from the IV source can begin flow
into a patient through the catheter.

[0003] Some catheter adapters permit verification of proper placement of the catheter
in the blood vessel before fluid infusion begins, by providing a flashback chamber of the
catheter assembly where a “flashback™ of blood can be observed. To confirm flashback in
catheter assemblies that do not include a blood control valve, a clinician must manually
occlude the vein to prevent undesirable exposure to blood. In contrast, blood control
valves can eliminate the need for such manual occlusion, while also reducing the
likelihood of blood exposure during catheter placement.

[0004] Despite the many advantages of blood control catheters, some traditional
procedures involving vascular access systems are not possible with blood control

catheters. Devices and systems that overcome these deficiencies are disclosed herein.
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BRIEF SUMMARY OF THE INVENTION

[0005] The present invention has been developed in response to problems and needs in
the art that have not yet been fully resolved by currently available systems and methods.
Thus, these systems and methods are developed to provide a valve within a catheter
adapter that provides the dual function of a one-way valve through the lumen of the
catheter adapter and a port valve.

[0006] In one aspect of the invention, a catheter assembly includes a catheter adapter, a
port disposed on the catheter adapter, and a valve disposed within the catheter adapter.
The catheter adapter has a proximal end, a distal end, and a lumen extending between the
proximal end and the distal end. The port opens into the lumen. The valve 1s disposed
within the lumen, and includes a flexible tube portion and a one-way valve portion. A
portion of the flexible tube portion covers an opening between the port and the lumen.
The one-way valve portion limits fluid flow through the valve to tlow in a proximal
direction.

[0007] These and other features and advantages of the present invention may be

incorporated into certain embodiments of the invention and will become more fully

apparent from the following description and appended claims, or may be learned by the

that all the advantageous features and all the advantages described herein be incorporated
into every embodiment of the invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0008] In order that the manner in which the above-recited and other features and
advantages of the invention are obtained will be readily understood, a more particular
description of the invention briefly described above will be rendered by reference to
specific embodiments thereof that are illustrated 1n the appended drawings. These
drawings depict only typical embodiments of the mvention and are not theretore to be
considered to limit the scope of the invention.

[0009] Figure 1 is a perspective view of a catheter assembly having a port, according to
some embodiments.

[0010] Figure 2 is a cross-sectioned view of a catheter adapter having a valve,
according to some embodiments.

[0011] Figure 3 is a cross-sectioned view of the catheter adapter of Figure 2 having a

cap, according to some embodiments.
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[0012]  Figure 4 is a cross-sectioned view of the catheter adapter of Figure 2 connected
to an infusion device, according to some embodiments.

[0013]  Figure 5 18 a cross-sectioned view of the catheter adapter and cap of Figure 2
while fluid 18 infused through a side port, according to some embodiments.

[0014] Figure 6 is a cross-sectioned view of another catheter adapter having a valve
and a valve activator, according to some embodiments.

[0015]  Figure 7 is a cross-sectioned view of the catheter adapter of Figure 6 having a
cap, according to some embodiments.

[0016] Figure 8 is a cross-sectioned view of a catheter adapter and cap of Figure 7

[0017]  FHigure 9 1s a cross-sectioned view of a catheter adapter of Figure 6 with the
valve activator moved to an activated position, according to some embodiments.
DETAILED DESCRIPTION OF THE INVENTION

[0018] The presently preferred embodiments of the present invention can be
understood by reference to the drawings, wherein like reference numbers indicate identical
or functionally stmilar elements. It will be readily understood that the components of the
present invention, as generally described and illustrated in the figures herein, could be
arranged and designed in a wide variety of different configurations. Thus, the following
more detailed description, as represented in the figures, 1s not mtended to limit the scope
of the i1nvention as claimed, but 1s merely representative of presently preferred
embodiments ol the invention.

[0019] Morcover, the Figures may show simplified or partial views, and the
dimensions of elements in the Figures may be exaggerated or otherwise not in proportion

b

for clarity. In addition, the singular forms *‘a,” *“an,” and *‘the” include plural referents
unless the context clearly dictates otherwise. 'lThus, for example, reterence to a terminal
includes reference to one or more terminals. In addition, where reference 1s made to a list
of elements (e.g., elements a, b, ¢), such reference 1s intended to include any one of the
listed elements by itselt, any combination of less than all of the listed elements, and/or a
combination ot all of the listed elements.

[0020] The term “substantially” means that the recited characteristic, parameter, or
value need not be achieved exactly, but that deviations or variations, including for
example, tolerances, measurement error, measurement accuracy limitatons and other
factors known to those of skill in the art, may occur 1in amounts that do not preclude the

effect the characteristic was intended to provide.
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[0021]  As used herein, the term "proximal”, "top", "up" or "upwardly" refers to a
location on the device that is closest to the clinician using the device and farthest from the
patient 1n connection with whom the device 1s used when the device 1s used 1n its normal
operation. Conversely, the term "distal”, "bottom"”, "down" or "downwardly" refers to a
location on the device that 1s farthest from the clinician using the device and closest to the
patient in connection with whom the device 1s used when the device 1s used 1n 1ts normal
operation.

[0022]  As used herein, the term "in" or "inwardly" refers to a location with respect to
the device that, during normal use, 1s toward the 1nside of the device. Conversely, as used
herein, the term "out” or "outwardly"” relers to a location with respect to the device that,
during normal use, 1s toward the outside of the device.

[0023] Referring now to Figure 1, a catheter assembly 10 is illustrated, which generally
includes a catheter 12 coupled to a distal end 32 of a catheter adapter 14. The catheter
assembly 10 can be a blood control catheter assembly 10 when 1t includes a blood control
valve therein. The catheter 12 and the catheter adapter 14 are integrally coupled such that
an internal lumen 16 of the catheter adapter 14 1s 1in tlmid communication with a lumen 18
of the catheter 12. The catheter adapter 14 can include a port 50, which will be described
in more detaill with reference to Figure 2. The catheter 12 generally comprises a
biocompatible material having sufficient rigidity to withstand pressures associated with
insertion of the catheter into a patient. A tip portion 20 of the catheter 1s generally
configured to include a beveled cutting surface 48. The beveled cutting surface 48 1s
utilized to provide an opening in a patient to permit insertion of the catheter 12 mto the
vascular system of the patient.

[0024]  One of skill in the art will appreciate that the features of the present invention

the tapered end 1nstead of a beveled cutting surface 48. For example, one of skill in the art
will appreciate that a ftlexible or semi-tlexible polymer catheter may be used in
combination with a rigid needle to enable insertion of the catheter into a patient. One of
skill in the art will further appreciate that surgically implanted catheters or other catheter
types may also be used.

[0025]  Once 1nserted into a patient, the catheter 12 and catheter adapter 14 provide a
{luid conduit to facilitate delivery of a fluid to and/or retrieval ol a fluid from a patient, as
required by a desired infusion procedure. Thus, 1n some embodiments the material of the

catheter 12 and the catheter adapter 14 are selected to be compatible with bio-fluids and
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medicaments commonly used in infusion procedures. Additionally, in some embodiments
a portion of the catheter 12 and/or catheter adapter 14 1s contigured for use 1in conjunction
with a section of intravenous tubing 40 to facilitate delivery ot a fluid to or removal of a
fluid from a patient.

[0026] In some embodiments, a proximal end 22 of the catheter adapter 14 includes a
tlange 28. The tlange 28 provides a positive surface that may be contigured to enable
coupling ol 1ntravenous tubing or a conduit coupler 42to the catheter assembly 10. In
some embodiments, the flange 28 includes a set of threads 30. The threads 30 are
generally provided and configured to compatibly receive a complementary set of threads
44 comprising a portion ol a male luer or conduit coupler 42. The conduit coupler 42 18
gencrally coupled to an end portion of the patient conduit in a tluid-tight manner. In some
embodiments, an inner portion of the conduit coupler 42 18 extended outwardly to provide
a probe surface 40.

[0027] In some embodiments, the proximal end 22 to the catheter adapter 14 includes a
female luer connector having a female luer taper and/or female luer lock threads. The
temale luer taper can be disposed at least in part within the proximal portion of the lumen
16 of the catheter adapter 14. Additionally, the flange 28 and/or threads 30 previously
mentioned can comprise the female luer lock threads. The female luer connector can thus
be configured to connect to a male luer lock or a male luer slip. Each of these components
can be sized and configured i1n conformity with at least some of the International
Standards Organizaton (ISO) standards lor female and male luer connections under
current or future standards. Accordingly, the proximal end 22 to the catheter adapter 14
can thus be configured to connect to a male luer lock or a male luer slip of the conduit
coupler 42, IV line, luer access connector, needle hub, vent plug, or other known or future
developed 1V device.

[0028] The probe surface 46 is generally configured to compatibly insert within a
proximal opening 26 in the proximal end 22 of the catheter adapter 14. Following
insertion of the probe 46 into the proximal end 22 of the catheter adapter 14, the conduit
coupler 42 is rotated to interlock the coupler 42 and the flange 28 (via the sets of threads
30 and 44). During the process of mterlocking the coupler 42 and the flange 28, the probe
46 1s advanced 1nto the lumen 16 of the catheter adapter 14 to an inserted position (as
shown 1 Figure 4). The inserted position ol the probe surface 46 activates the catheter

assembly 10 to enable flow of tluid through the catheter 12 and catheter adapter 14. Once
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the conduit coupler 42 and the catheter adapter 14 are attached, a fluid may be delivered to
a patient via the patient conduit 40 and the 1nserted catheter 12.

[0029] Retference will now be made to Figure 2, which depicts a cross-section view of
the catheter adapter 14. As shown, the catheter adapter 14 can include a port 50, such as a
side port. The port 50 can have various uses, including for the infusion of fluids into the
internal lumen 60 of the catheter adapter 14. Such infusions can flush medicaments and
other fluids from the internal lumen 60 and can be used to prime the catheter assembly 10.
The port 50 can include an opening 52 disposed between the body of the port 50 and the
internal lumen 60 of the catheter adapter 14. The body of the port S0 can extend away

from the catheter adapter 14. In various embodiments, a port cover (not shown)

Accordingly, 1n use, a clinician can open the port cover and infuse a fluid into the port 50
through the opening 52 into the internal lumen 76 of the catheter adapter 14. When the
tluid 1infusion 18 complete, the clinician may close the port cover.

[0030] In some embodiments, the catheter adapter 14 includes a valve 70 that can serve
the dual function of a selectively sealing both the port 50 and the internal lumen 60 of the
catheter adapter 14. The valve 70 can divide the lumen 60 into a distal lumen chamber 62
and a proximal lumen chamber 64. In some embodiments, the valve 70 includes a one-
way valve portion 70, such as the duckbill portion shown. In some embodiments, this
one-way valve portion 76 allows flow in the distal direction, but resist flow, such as up to
or more than a standard venous pressure (e.g., about 500 Pa to about 1500 Pa), the
proximal direction. By resisting flow in the proximal direction, the valve 70 can prevent
blood leakage out the proximal opening 26 of the catheter adapter 14. Moreover, the one-
way valve portion 76 can have a minimal crack pressure 1n the distal direction, to allow
tluid flow when tluid begins to be introduced into the proximal end 22 of the catheter
adapter 14.

[0031] As shown in Figure 2, the valve 70 can include a tube portion 78 and one-way
not limited to a cylindrically-shaped tube having a circular or semi-circular cross section.
Other tubular configurations can include tubular shapes having other cross sections,
including a triangle, square, pentagon, heptagon, octagon, other polygon, ellipses, oval, or
other suitable cross sections. The tube portion 78 can extends longitudinally about a

longitudinal axis of the catheter adapter 14. Moreover, the tube portion 78 can have outer
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dimensions that approximate the inner dimensions of the inner lumen 16 of the catheter
adapter 14.

[0032] 'The one-way valve portion 76 can provide one-way valve functionality by
limiting fluid flow 1n a single direction, such as the distal direction. As mentioned, the
one-way valve portion 76 can be a duckbill valve, which can include two i1nwardly
oriented flaps 80, 82, which are biased together toward a central position, forming a slit
84. The flaps 80, 82 can extend from the tube portion 78 inwardly and distally. Thus
contigured, the two inwardly oriented tlaps 80, 82 can push together to close the valve in
response to a fluid flow in a proximal direction (toward the distal end of the catheter
adapter 14). Additionally, the two imwardly oriented flaps 80, 382 can be pushed apart to
open a gap between these tlaps 80, 82 1n response to a tluid tlow in a distal direction. As
shown, the one-way valve portion 70 can be a duckbill style valve, while in other
embodiments the one-way valve portion 76 can be any other pressure-activated valve that
allows easy tlow 1n the distal direction, but withstands venous pressure in the proximal
direction (toward the proximal end of the catheter adapter 14).

[0033] In some embodiments, one-way valve portion 76 of the valve 70 1s configured
to open under the pressure of a fluid infusion through the proximal lumen opening 26 of
the catheter adapter 14. As such, the one-way valve portion 76 can automatically open
during fluid infusion and automatically close when the infusion stops. This ability can
climinate the need for a valve actuator that mechanically opens the valve.

[0034] In some embodiments, one or more slits 84 within the valve 70 permit passage

the needle to extend distally beyond the tip portion 20 of the catheter 12. Following the
catheterization procedure, the needle 1s removed from the catheter assembly 10 and 1s
safely disposed.

[0035] In some embodiments, the needle is coated with a significant amount of silicone
or similar fluid, such as fluorosilicone. The purpose of the coating fluid is threefold.
intertacing surfaces of slit 84. Thus, upon withdrawal of the needle from the valve 70, the
coating fluid prevents undesirable adhesion between the outer surface of the needle and
the interfacing surtaces of slit 84. Secondly, excess coating fluid accumulates within slit
34 thereby assisting 1n sealing the valve 70 to prevent blood from flowing back through
the septum following removal of the needle. Excess coating fluid accumulates within slit

84 as needle 1s removed from catheter assembly 10. In particular, when the needle is
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being withdrawn through valve 70, the interfacing surfaces of slit 84 act to wipe the
coating fluid from the outer surface of the needle thereby displacing the coating fluid into
slit ¥4. 'Thirdly, the coating fluid acts as a lubricant to prevent undesirable adhesion
between opposing surtaces of slit 4.

[0036] The coating fluild may include any biocompatible lubricant. In some
embodiments, the coating fluid comprises a lubricant such as a non-wetting lubricant that
is applied to an interface between the needle and the slit 84 to further eliminate possible
leakage of fluid and/or air. A non-wetting lubricant may also be beneficial to prevent
tearing or other damage to the slit that may occur when the needle 1s removed from the

catheter assembly lollowing catheterization. A non-wetting lubricant may also facilitate

Non-limiting examples of a non-wetting lubricant include known Tetflon based non-
wetting materials such as Endura, from Endura Coating Co.; A20, E-20, 1000-S20, FEP
Green, PIFE and X-40 from Tiodize; Cammie 2000 from AE Yale; 21845 from Ladd
Research; MS 122-22, MS 122DF, MS-143DF, MS-122V MS-122VM, MS143V, MS-
136W, MS-145W, UO316A2, UO316B2, MS-123, MS-125, MS-322 and MS-324 from
Miller-Stepheson; and 63312 from Otto Bock can also be used. Various non-Tetlon based
non-wetting lubricant type materials include Dylyn, from ART; Nyebar, Diamonex,
NiLAD, TIDLN, Kiss-Cote, Titanium oxide; Fluocad Fluorochemical Coating FC-722,
from 3M; Permacote from Dupont; Plasma Tech 1033 from Plasma Tech, Inc.; and
silicone sprays.

[0037] Referring still to Figure 2, in embodiments where the catheter adapter 14
includes a port 50, the valve 70 can function as a port valve. It will be understood that in
other embodiments the catheter adapter 14 does not include a port 50. As shown, the tube
adapter 14 such that an outer surface 74 of the tube portion 78 covers the opening 32 of
the port 50. Thus positioned, the valve 70 can prevent fluid from within the lumen 76
from flowing out the port 50. Furthermore, the valve 70 can be configured to at least
partially collapsed when tluid 1s introduced into the port 50, thus permitting fluid to pass
through the opening 54 into the internal lumen 60 of the catheter adapter 14.

[0038] Valve 70 can be designed to at least partially collapse inwardly when a
predetermined pressure 18 applied to the valve 70 from the opening 52 ol the port 50. The
predetermined pressure can be generally less than the amount of force pressing against

valve 70 through the opening 54 during an infusion of fluid via the port 50. In various
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embodiments, the tube portion of the valve 70 1s flexible or semi-tlexible. The valve 70
can be made of various flexible or semi-tlexible materials including, for example, silicone,
the material can affect predetermined pressure required to open the valve 70 and allow
fluid 1nto the catheter adapter 14. A more tlexible material may require a smaller
predetermined pressure, while a more rigid material may require a greater predetermined
pressure.

[0039] As shown, the tubular shape of the tube portion 78 of the valve 70 provides a
channel within the body of the valve 70 can collapse under the predetermined pressure.

The tubular shape can also provide structural strength that maintains the outer surface 62

applied. The thickness of the walls of the tubular-shaped valve 70 can be selected to
adjust the predetermined pressure required to open the valve 70. Thus, by increasing the
thickness of the walls of the tube portion 78, a greater pressure 1s required to open the
valve 70. By decreasing the wall thickness, a lesser pressure required. Additionally, the
wall thicknesses can be adjusted based on the flexibility for rigidity the material forming
the valve 70. For instance, a more rigid material may permit thinner walls that enable the
same threshold force to open the port valve as a thicker wall made of a more flexible
material. Accordingly, the flexibility of the valve 70 combined with the shape and size of
the valve 70 can permit the valve 70 to collapse when a predetermined pressure 1s applied
to the valve 70 via the opening 54.

[0040] In various embodiments, the valve 70 1s seated within a groove or channel 90,
which comprises a recessed portion of the inner surface of the catheter adapter 14. The
outer diameter of the valve 70 can be generally configured to compatibly and securely seat
of the valve 70 1s selected to be both smaller than or approximately equal to the diameter
of the groove or channel 90 and slightly larger than the diameter ot the inner lumen 60.
As such, the valve 70 can be retained within the groove or channel 90 during use of the
catheter assembly 10. In other configurations, other features, such as protrusions on the
proximal and distal ends of the valve 7() assist to retain the valve 70 1n place.

[0041] As shown in Figure 2, the catheter adapter 14 and dual-function valve 70
provides several benelicial [eatures. For instance, the valve 70 does not require a valve
actuator/activator to open as are required 1n blood control valves. This can reduce the

number of components required. This same characteristic can permit the catheter adapter
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14 to have a reduced length that it would need 1f 1t housed a valve actuator/activator.
Additionally, since the wvalve 70 opens under pressure trom the fusion line and
automatically closes to pressure from the vein, 1t 1s re-useable.

[0042]  As shown in Figure 3, in some configurations, the proximal lumen opening 26
of the catheter adapter 14 can be closed with a cap 100 during a catheter flushing
procedure or other procedure. The cap 100 can selectively attach to the proximal lumen
opening 20 and close that opening. For instance, according to some medical customs,
such as FEuropean medical customs, a cap 100 1s attached to the proximal lumen opening
26 during an initial flushing of the catheter assembly 10 or for infusion to prevent fluid
from flowing out the proximal opening 26 ol the catheter adapter 14.

[0043]  As shown in Figure 4, as mentioned during an initial flushing procedure or tluid
infusion, the one-way valve portion 76 of the valve 70 can be forced open by the fluid 110,
which can allow passage of fluid 110 from fluid source 112 through the lumen 60 of the
catheter adapter 14, in the distal direction. At the same time, the valve 70 can prevent
fluid from escaping through the port 50. When the fluid source 112 18 removed, the valve
70 can close 1n the absence of the force of the fluid. When closed, the one-way valve
portion 76 can stopping leakage of tluid and/or blood proximally passed the valve 70.
Additionally, as shown, during this type of fluid infusion, the tube portion 738 of the valve
70 can be maintained against the opening 52 of the port 50 to prevent the infused fluid 110
from exiting through this opening 52.

[0044] As shown in Figure 5, during an initial flushing procedure or for infusion
through the port 50, fluid 110 can tlow from the port S0 into the proximal lumen chamber
04. As fluid enters the proximal lumen chamber 04, the pressure within that chamber
increases, opening the valve 70. As the valve 70 opens, tluid 110 can flow into the distal
lumen chamber 62 and continue toward the patient.

[0045]  As shown, the valve 70 and/or the catheter adapter 14 can be configured to
force tfluid 110 to the proximal side ot the valve 70 rather than to the distal side of the
valve 70 or to both sides simultaneously. Accordingly, the distal end of the valve 70 can
form a seal with the mner surface of the catheter adapter 14. For example, the outer
portions of the distal side of the valve 70 can be adhered to the inner surface of the
catheter adapter 14 to form a seal about the distal end of the valve 70. In another example,
the outer portions of the distal side ol the valve 70 can have a larger outer diameter or
other outer dimensions than the portions of the valve 70 proximal to that end. Similarly,

the inner dimensions of the catheter adapter 14 about the distal side of the valve 70 can
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have a smaller inner diameter than the portions of the catheter adapter 14 proximal this
area. These examples can form a tighter seal between the distal end of the valve 70 and
the catheter adapter 14 that encourages fluid to flow into the proximal lumen chamber 64.
In yet another example, the outer portions of the proximal side of the valve 70 can have a
smaller outer diameter or other outer dimensions than the portions of the valve 70 distal to
that end. Similarly, the inner dimensions of the catheter adapter 14 about the proximal
side of the valve 70 can have a larger inner diameter than the portions of the catheter
adapter 14 distal this area. These examples can form a weaker seal between the proximal
end of the valve 70 and the catheter adapter 14 that encourages fluid to flow into the
proximal lumen chamber 64.

.[0046] As shown in Figure 6, in some embodiments, the catheter adapter 14 includes a
valve activator 140. The valve activator 140 can provide a mechanism within the catheter
adapter 14 that has a proximal contact surface 144 that is contacted by a vascular access
device inserted within the opening 26 of the catheter adapter 14. The vascular access
device can push on the contract surface 144 to advance the valve activator 140 distally
through the slit 84 of the valve 70 (shown in Figure 9). As it moves distally forward, the
probing surface 142 of the valve activator 140 pushes on the flaps 80, 82 of the one-way
valve portion 76 to open the slit 84. The valve activator 140 can include a probe portion
146 that can have a cross section that is shaped and sized so that it can be inserted through
the slit 84 of the valve 70. Moreover, the valve activator 140 can have various features,
structures, and configurations, and can be moved and retained within the catheter adapter
14 as described in the United States Patent Application Publication No. 2011/0046570,
filed August 20, 2009, titled “Systems and Methods for Providing a Flushable Catheter
Assembly.”

[0047] As shown in Figures 7 and 8, in embodiments having a valve activator 140, a
cap 100 can be provided that has truncated male luer 150. In some configurations, the cap
100 can include a truncated male luer 150 that is not long enough to advance the valve
activator 140 to open the valve 70. For example, the male luer collar 152 of the cap can
extend farther than the truncated male luer 150 within this collar 152. As shown in Figure
8, when the cap 100 is attached the proximal end 22 of the catheter adapter 14, tluid 110
entering the port 50 can flush the proximal lumen chamber 64 about the valve activator
140 and subsequently passed through the valve 70.

[0048]  As shown in Figure 9, when a separate device 112 is inserted into the proximal

lumen opening 26 of the catheter adapter 14, the valve activator 140 can be distally
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advanced through the slit 84 of the valve 70, opening the valve 70. In this manner, the
valve 70 can be opened when the catheter adapter 14 1s connected to a separate device
112, such as an 1V 1ntusion device.

[0049] The present catheter assembly 10 can provide a number of benefits. For
example, present catheter assembly can be flushed through the side/top port 50. Since
flushing can originate from the side port, and a cap 100 can be maintained on the proximal
end of the catheter adapter 14 until the first IV set connection 18 made, which fully opens
the valve for infusion. Thus, the catheter assembly can remain closed and sterile for a
longer period. Present catheter assembly 10 can also reduce the number of components
and assembly steps required.

[0050] The present invention may be embodied in other specitic forms without
departing from 1its structures, methods, or other essential characteristics as broadly
described herein and claimed heremafter. The described embodiments are to be
considered 1n all respects only as illustrative, and not restrictive. 'The scope of the
invention 18, 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.
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CLAIMS

1. A catheter assembly comprising:

a catheter adapter having a proximal end, a distal end, and a lumen extending between the
proximal end and the distal end, the catheter adapter further comprising an inner surface;

a port disposed in the catheter adapter, an interior of the port being in fluid communication

with the lumen;

a valve disposed within the lumen, the valve comprising a flexible tube having a distal end
and a proximal end, an interior of the flexible tube further comprising a one-way valve dividing
the lumen of the catheter adapter into a proximal lumen and a distal lumen, an outer surface of the
flexible tube covering an opening between the interior of the port and the lumen of the catheter
adapter;

a first flow pathway through the lumen of the catheter adapter, the interior of the flexible
tube, and the one-way valve in a distal direction;

a second flow pathway between an outer surface of the proximal end of the flexible tube
and the inner surface of the catheter adapter in a proximal direction;

a fluid-tight seal interposed between an outer surface of the distal end of the flexible tube
and the inner surface of the catheter adapter; and

a defeatable seal interposed between the outer surface of the proximal end of the flexible
tube and the inner surface of the catheter adapter, wherein the defeatable seal and the second flow
pathway allow fluid flow from the port into the proximal lumen, and the one-way valve and first

flow pathway allow fluid flow from the proximal lumen to the distal lumen.

2. The catheter assembly of claim 1, wherein the flexible tube is substantially cylindrical.

3. The catheter assembly of claim 1, wherein the one-way valve is a duckbill valve disposed

on the proximal end of the flexible tube.

1, The catheter assembly of claim 3, wherein the valve is configured to prevent blood flow

under venous pressure in a proximal direction through the one-way valve.

- 13 -
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5. The catheter assembly of claim 3, wherein the one-way valve comprises two or more flaps
coupled to the flexible tube of the valve, the two or more flaps extending inwardly and distally

from the flexible tube.

0. The catheter assembly of claim 1, wherein the proximal end of the flexible tube is
configured to partially collapse inwardly when a fluid pressure increases within the interior of the

port.

7. The catheter assembly of claim 1, wherein the valve is disposed within a channel of the

inner surface of the catheter adapter.

8. The catheter assembly of claim 1, further comprising a separate vascular access device
having a probe for insertion into a proximal opening of the catheter adapter, the probe having a

length sufficient to pass through a slit of the one-way valve to provide a pathway therethrough.

9. The catheter assembly of claim 8, wherein the probe comprises a proximal dimension that

approximates an inner dimension of the lumen.

10.  The catheter assembly of claim 8, wherein the probe comprises an activator shaped and

sized for insertion through the one-way valve.

11.  The catheter assembly of claim 1, further comprising a valve activator disposed within the

proximal lumen, the valve activator having a probe portion configured to be inserted through the

one-way valve to provide a pathway therethrough.

12.  The catheter assembly of claim 12, further comprising a cap having a truncated male luer.

13. A catheter assembly system comprising:

a catheter adapter having a proximal end, a distal end, and a lJumen extending between the

proximal end and the distal end, the catheter adapter further comprising an inner surface;

- 14 -
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a port disposed in the catheter adapter, an interior of the port being in fluid communication

with the lumen;

a valve disposed within the lumen, the valve comprising a flexible tube having a distal end
a proximal end, an interior of the flexible tube further comprising a one-way valve dividing the
lumen of the catheter adapter into a proximal lumen and a distal lumen, an outer surface of the
flexible tube covering an opening between the interior of the port and the lumen of the catheter
adapter;

a first flow pathway through the lumen of the catheter adapter, the interior of the flexible
tube, and the one-way valve in a distal direction;

a second tlow pathway between an outer surface of the proximal end of the tlexible tube
and the inner surface of the catheter adapter in a proximal direction;

a fluid-tight seal interposed between an outer surface of the distal end of the tlexible tube
and the inner surface of the catheter adapter; and \

a defeatable seal interposed between the outer surface of the proximal end of the flexible
tube and the inner surface of the catheter adapter, the defeatable seal and the second tlow pathway
being configured to allow fluid flow from the port into the proximal lumen chamber, and the one-
way valve and the first flow pathway being configured to allow fluid flow from the proximal lumen
to the distal lumen; and

a valve activator disposed within the proximal lumen, the valve activator having a probe

configured to be inserted through the one-way valve of the valve.

14.  The catheter assembly of claim 13, wherein the flexible tube of the valve has a substantially
cylindrical shape, the one-way valve is a duckbill valve, the one-way valve of the valve being
disposed on the proximal end of the flexible tube, and the one-way valve of the valve being

configured to withstand at least an average venous pressure 1n a proximal direction from the distal

end to the proximal end.
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