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Mulii-Use Blood Control Safety Catheter Assembly

RELATED APPLICATIONS

001} This application claims the benefit of, and for the United States, is a
continuation-in-part of, International Patent Application Ne. PCT/USZ015/126534, filed
April 17, 201, Tnternational Patent Application No. PCT/USZ015/026536, filed Aprif 17,
2013, and International Patent AppHeation No. PCT/USZ015/026542, filed pril 17, 2015, alf

of which are hereby incorporated by reference in their entirety.

FIELD

03] Yarious exemplary embodiments of the iInvention relate 1o catheter
assembliss,

BACKGROUND

003] Catheler assemblies are used to place a catheter properly joto the vascular

system of 4 patient. Once in place, catheters such as intravenous catheters may be used to
infuse fluids including normal saline, medicinal compounds, and/or nutritional COmPOSIions
juto a patient in need of such treatment. Catheters additionally enable the removal of fluids
from the circulatory system and monitoring of conditions within the vascular system of the

patient.

SUMMARY OF THE INVENTION

{00041 Itis an aspect of the present invention to provide a catheter assembly in which a
valve actuator includes a plurality of windows specifically sized and disposed to enhance
saline flushing capability. Additionally, a catheter hub inciudes s floating spring design that
improves wanufacturability and performance. Finally, the catheter hub also uses one of a
plurality of materials to reduce reagnetic susceptibility in the spring so that the catheter
assombly can be used on 2 patient during & magnetic resonance imaging (MRED procedure.
{O008]  The foregning and/or other aspects of the present inventinn can be achioved by

providing a valve actuator that moves in 2 catheter assembly between a first position where g
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valve is closed and a second position where the valve is open, the valve actuator comprising g
shaft portion at a distal end of the valve actuator that is configured to plerce the valve, a
mating portion at a proximal end of the valve actuator that is configured to engage 3 Luer
device, a diameter reduction region that connects the shaft portion and the mating portion,
and & phurality of windows that extend through the valve actuator for flushing fluid, the
plurahity of windows being disposed in the diameter reduction region, whersin each of the

plurality of windows does not extend & full length of the diameter reduction region.

IHO06]  The foregring and/or other aspects of the present invention can further he
achieved by providing a valve actuator that rooves in a catheter assembly betwesn a first
position where a valve is closed and a second position where the valve is open, the valve
actuator comprising ¢ shafl portion at a distal end of the valve sctuator that is configured o
pierce the valve, a mating portion ai 3 proximal end of the valve actuator that is configured to
engage a Luer device, a diameter reduction region that connects the shaft portion aud the
mating portion, and a plurality of windows that extends through the valve actuator for
flushing fluid, wherein the plorality of windows is disposed outside the diameter reduction

region,

[O00T]  The foregeing and/or other aspects of the present invention can alss be achieved
by providing a catheter assembly comyprising g catheter, a needle having a sharp distal tip
disposed within the catheter, a catheter hub connecied to the catheter having the neadle
passing therethrough, the catheter hub including a valve that selectively permits or blocks a
flow of fluid through the catheter, a valve actuator that moves between a first position and 2
second position, and a return member that returns the valve actuator frorn the second position
to the first position, and a needle protection member thai encloses the sharp distal tip of the
needle, wherein the valve actuator includes a dismeter reduction region having a plurality of
windows, and each of the plurality of windows does not extend 2 full length of the diameter
reduction region,

[BOOB]  The foregoing and/or other aspects of the present invention can also be achieved
by providing a catheter assembly comprising a catheter, a needle having 3 sharp distal tip
disposed within the catheter, g catheter hub connected to the catheter having the needls

D
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passing therethrough, the catheter hub inchuding 2 valve that selectively permits or blocks a
flow of fluid through the catheter, a valve actuator that moves between a first position and a
second position, a retum member that returns the valve actuator from the second position o
the first position, and 2 needle protection member that encloses the sharp distal tip of the

needle, wherein the valve actuator incloding s diameter reduction region, and & plurality of
windows that extends through the valve actuator for flushing fhuid, the plurality of windows

being disposed outside the diameter reduction region.

FOO08]  The foregoing and/or other aspects of the present invention can also be achieved
by providing a catheter asserbly comprising a catheter, a needle having a sharp distal iip
disposed within the catheter, a catheter hub connected to the catheter having the needie
passing theretbrough, the catheter hub including o inver diameter, a vabve that seloctively
permits or blocks a flow of fluld through the catheter, a valve actustor that moves between a
fivst position and a second position, and a spring that returns the valve actuator from the
second position to the first position, wherein a clearsnce fit is provided between the spring

and the inner diameter,

{00107 The foregoing and/or other aspects of the present invention can also he achieved
by providing a cathster assembly coroprising a catheter, a needie having a sharp distal tip
disposed within the catheter, a catheter hub connected to the catheter having the needle
passing therethrough, the catheter hub including a valve that selectively permits or blocks a
fow of fluid through the catheter, 2 valve actuator that moves between a first position and a
second position, and a return meraber that returns the valve actuator from the second position
1o the first position, and a needle protection member that encloses the sharp distal tip of the
needle, wherein the return member comprises a metallic member with & magnetic relative

permeability of less than 2.0,

{0011} Additional and/or cther aspects and advantages of the present invention will be set
torth in the description that follows, or will be apparent from the deseription, or may be

learned by practice of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

{00131  The above aspects and features of the present invention will be more apparent
from the description for the exemplary embodiments of the present invention taken with
reference to the accompanying drawings, in which:

[0013] Figure 1A is a perspeetive view of an exemplary catheter assembly;

[0014]  Figure 1B is an exploded perspective view of the catheter assembly of Figure 14;
[O318]  Figure 24 is a sectional, side view of an exemplary catheter hub and actuator;
{G036] Figure 1B is a porspective view of an exemplary septum;

0017} Figure 3 is 2 sectional, side view of an exemplary catheter hub, actuator, and
spring with an introducer needie inserted dwough the catheter hub;

[OOLIB]  Figure 415 a sectional side view of the catheter hub of Figure 3 with the introducer
neadls removed;

{F3E9]  Figure 5 5 a sectional, side view of the catheter hub of Figure 4 with a Luser
connector inserted;

{00207 Figure 61 a sectional, side view of the catheter hub of Figure 5 with the Luer
connector pushing the actuator through the sephum;

[0021]  Figure 7 is a sectional, side view of the catheter b of Figure 6 with the Luer
connector being removed;

[O022] TFigure § is g sectional, side view of the catheter hob of Figure 7 with the Luer
COnnECtor removed;

I0023]  Figure 9 is a sectional, side view of another exemplary embodiment of a catheter
with an actuator and bissing member;

[0034] Figure. 10 is a sectional, side view of another exemplary embodiment of g catheter
with an actuator and biasing member,

{0028]  Figure 11 illustrates a sectional, side view of another exeniplary embodiment of &
catheter with an actuator and biasing member;

FO0Z6]  Figore 12 tustrates a sectional, side view of another exemplary embodiment of &
catheler with an actuator and biasing member;

[OO2T]  Figure 13 illustrates # sectional, side view of another exemplary embodiment of g

catheter with an actuator and biasing member;

o B
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[O028]  Figure 14 tustrates a sectional, isornetric view of ancther exemplary embodiment
of a catheter with gn actuator and blasing member;

[G029]  Figure 15A illustraies a sectional, side view of another exemplary embodiment of
a catheter with an actuator and bissing mermber;

00307 Figure 15B s a sectional, side view of the catheter of Figure 15A with a Luer
connector inserted;

[O031]  Figore 16 dlustrates a sectional, side view of another exenplary embodiment of s
catheter with an actuator and biasing member;

{0032]  Figure 17 illustrates a sectional, perspective view of another exemplary
embodiment of a catheter with an sctuator and biasing member;

[G033]  Figore 18 tlustrates a sectional, side view of ancther exemplary embodiment of 2
catheter with an actuator and biasing member;

[O034]  Figore 194 illusirates g sectional, side view of another exeroplary embodiment of
a catheter with an actustor and bissing member;

[O038]  Figure 198 is a sectional, side view of the catheter of Figure 19A pushed trough
the septum;

{O36]  Figors 204 illusirates a sectional, side view of another exemplary ermbodiment of
a catheter with an actustor and biasing member;

{0037]  Tigure 208 is the catheter of Figure 204 with a Luer comnector inserted;

[G038]  Figore 21A illustrates a sectional, side view of another exemplary embodiment of
a catheter with an actuator and biasing member and 2 Luer counector inseried:

{00391 Figure 21B is a front view depiction of the septum of Figure 21A;

{0040]  Figure 21C i3 a sectional, side view depiction of the sctuator of 214 with an
elastomer molded to the tip of the actuator;

{0041] Figure 22 is a perapective view of 2 side-port catheter;

(00427 Figore 23 Hlustrates a sectional, side view of an exemplary embodiment of
catheter with an actuator and a biasing member for a side-port catheter;

[0043]  Figwe 24 ilhustrates s sectional, side view of another exersplary embodiment of

catheter with an actuator and a biasing member for a side-port catheter;

o
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{00447 Figure 25 ilustrates a sectional, side view of another exemplary embodiment of
catheter with au actuator and a biasing member for a side-port catheter;

{0045} Figure 26 illustrates a sectional, side view of another exemplary embodiment of
catheter with an actuator and a biasing member for a side-port catheter;

I0046]  Tigwre 27 is 3 sectional, side view of an exemplary catheter asserobly having a
needie tip shisld;

10047} Figure 28 is 3 porspective view of an exemplary outer sleeve of the needle tip
shield;

{0048]  Figure 29 is a side view of the outer sieeve of Figure 28,

{00497 Figure 30 is a top view of the outer sieeve of Figure 28;

I00B0]  Figure 31 s 2 top perspective view of an exemplary inner sleeve of the needle tip
shield;

{0081} Figure 32 is a botiom perspective view of the inner sieeve of Figure 31;

{00827 Figure 33 is 2 top perspestive view of a needle tip shield clip;

[O0B3]  Figure 34 is a side view of the clip of Figure 33;

{00B4]  Figure 35 is a sectional, side view of the nesdle tip shield of Figure 27,

[OOBS]  Figore 36 is another sectional, side view of the needle tip shield of Figure 27;
[BO8G]  Figore 37 is a sectional, side view of the needle tip shield with the clip in a closed
position;

{O0BT]  Figure 38 illustrates a right side view of another exemplary embeodiment of an
gobuaior;

{DOS8]  Figure 39A illustrates a sectional view of the actustor of Figure 38 in g catheter
hubr assembly;

{0089 Figure 398 illustrates a sectional view of the catheter hub assembly of Figure 394
when penefrating a septusy

100607 Figure 39C illustrates a lefl perspective sectionsl view of the catheter heb
assembly of Figure 39A when penetrating s septum;

[OOB1]  Figore 40A illustrates g sectional view of another exemplary embodiment of a

catheter hub assembly;
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{B063]  TFigure 408 illustrates a sectional view of the catheter hub assembly of Figure 404
when penetrating a septum

[0083]  Figure 40C ithustrates a left perspective sactional view of the catheter hub
assembly of Figure 40A when penetrating a septum;

00647  Figure 41 illusirates a seotional view of another exemplary embodiment of a
catheter assernbly in the needle extended position;

{0O6B]  Figure 42 illusirates a sectional view of the catheter assembly of Figure 41 in the
needle retracted position;

{0086] Figure 43 illusivaies g sectional view of another exemplary embodiment of a
catheter assembly in the needle extended position;

{BOGT]  Tigure 44 itlustrates a sectional view of the catheter assembly of Figure 43 in the
needle retracted position;

[O088]  Figure 45 illustrates a sectional view of the catheter hob asserbly and the needle
hubs assembly of Figure 44;

I0069]  Figure 46 illustrates a sectional view of another exemplary embediment of a
catheter assemibly in the needle extended position;

[OOV0]  Figare 47 illustrates a sectional view of the catheter hub assembly and the needle
hub assembly of Figure 46 in the needle retracted position;

{00T1]  Figure 4% illustrates 2 bottom plan view of the catheter hub assembly and the
needle hub assembly of Figure 46 in the needle retracted position;

[OOT2]  Figure 49 ilustrates an exemplary embodiment of a blood flashback feature of a
catheier assembly;

(00737 Figure 50 illustrates 8 needle in the catheter assembly of Figure 49;

{O074]  Tigure 51 illusirates another exemplary embadiment of 2 blood flashback feature
of a catheter assembly;

{00758} Figure S2 illusirates a side perspective view of a valve actuator according to &
further embodiment including a window in g diameter reduction region;

{O078]  Figure 53 illustrates a side perspective view of a valve actuator sccording to a still

further embodiment including a window in 2 diameter reduction region;

N’?"‘V
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{0077} Figure 54 illustrates a side perspestive view of a valve actuator sccording o a sull
further embodiment inchuding a window in a diameter reduction region;
[O078]  Figure 544 illustrates a cross sectional view of the valve actuator in the
embodiment of Figure 54;
{0079 Figure 55 illustrates a side perspective view of a valve actuator according 1o a still
further embodiment including a window in a diameter reduction region;
[BO8B0]  Figure 56 llustrates a side perspective view of a valve actuator sceording o a still
turther embodiment inchuding a window ouiside the darseter reduction region;
{D081] Figure 57 illustrates a side perspective view of a valve actuator according 1o a still
turther embodiment including a window outside the diameter reduction region:
{0082]  Figure 58 illustrates a rear perspective view of the valve sctuator in the
erabodiment of Figure 57,
[D083]  Figure 59 illustrates an amount of blood remaining on the valve actoator of Figure
3 after g saline flush;
[G0B4]  Figure 60 illustrates an amount of blood remaining jo the catheter hub with the
valve actuator in the embodimend of Figure 52 after 3 saline flush;
[G0O8B}  Figure 61 illustrate a graphical comparison of the amount of blood remaining in
the catheter bub with the valve actuators in the embodiments of Figures 3 and 53 after a
saline flush;
[ODBG]  Figure 62 illustrates 3 lef perspective cross-sectional view of an aliernate
embodiment of the catheter assembly;
[DOBT]  Figure 63 ilusirates a left perspective cross-sectional view of the catheter hub and
the needle bub fn the embodiment of Figure 62;
{O088]  Figure 64 illusirates 2 cross-sectional view of the eatheter hub in the embodiment
of Figure 62;
{0089]  Figurs 63 illustrates a cross-sectional view of 2 valve actuator and 2 spring in the
emmbodiment of Figure 62;
[O090]  FIG. 66 ilhutrates a perspective view of ancther cmbodiment of the valve
actuator,
{0081}  FIG. 67 illustrates a cross-sectional view of the valve actuator of FIG. 66;

v B
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083 FIG. 68 illustrates an enlarged view of a distal end of the valve actuator of FIG.
57,

[B083]  FIG. 69 illustrates 2 perspective view of another embodiment of the valve
actuator;

[00B4]  FIG. 70 iltustrates a cross-sectional view of the valve actuator of FIG. 69; and
G088} FIG. 71 iltustrates an enlarged view of a distal end of the valve actoator of FIG.
70

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0086] A catheter assernbly 10, as shown in Figures 1A and IR, includes 3 hollow
introducer needle 12, a catheter hub 14, and a needle hub 16, The introducer needle 12 has 2
sharpened distal end and extends through the catheter hub 14, A flexible catheter tube 18
extends from the distal end of the cathetor hub 14, with the needle 12 passing through the
catheter tube 18, Initially, the needle 12 is inserted into a patient’s vein. The catheter rabe 18
is pushed along the needle 12 and into the vein following the needle 12, After the catheter
tube 18 s inserted, the veedle 12 is removed from the patient’s vein and the catheter hab 14,
leaving the catheter tube 1€ in the patient as the needle 12 is discarded.

{00BT]  According to various exerplary embodiments, the catheter hub 14 has a distal end
20, a proximal end 22, an inner surface 24, and an outer surface 26, The distal end 20
mclodes & catheter opening and the proximal end includes a Luer connector opening. The
inmer surface 24 surrounds a channel 28 that permits fluid passage through the catheter hub
14, The outer surface 26 ncludes one or more projections 30 to secure a Luer connector 32
{Figure 4} to the catheter hub 14, The projections 30 may form a threaded connection with
the Luer connector 32 or they may connect to the Luer connector 32 through 2 snap it or
other twisting connection. One example of 2 standard connection is 2 LUFR-LOK®
connection. Certain types of Luer connectors 32 witlize a slip fit into the catheter hub 14
The catheter hub 14 may be made from a polymer material that is transparent or semi-
transparent so that fluid flow through the catheter hub may be observed by a user or it may be

niade from an opague material,
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IO088]  The flexible catheter tube 18 extends through the catheler opening. A metal
wedge 34 may be positioned in the channel to secure the catheter tube 18 in the catheter
opening, The wedge 34 has 2 first end engaging the catheter mube 1§ and a second end
engaging the inner surface 24 of the catheter b 14, The first end of the wedge 34 has a
tapered nose that sllows it to zasily engage the catheter tube 13, As the wedge 34 is inserted
intes the catheter tube 13, the catheter tube 18 expands, creating an interference fit between
the catheter tube 18, the wedge 34, and the inner surface 24 of the catheter hub 14, The
second end of the wedge 34 has a substantially frusto-conical shaped portion with an outer
edge that engages the inver surface 24 of the cathefer hub 14, A wedge flange 36 may be
formed on the inner surface 24 to create a limit for distal movement of the wedge 34. A
similar shoulder, tab, or groove may Hmit the distal movement of the wedge 34.

I099] A pre-slit resilient septum 38 is positioned in the channel 28 and fopctions as a
valve that forms a fluid-tight seal and selectively admits fluid to or from the flexible catheter
tuhe 18, In other words, the valve selectively permits or blocks the flow of fluid throngh the
fexible catheter tube 18, The septum 38 may be seated against a septurn flange 49 1o limit
distal movement, Protrusions or sther internal structure may form an interference fit with the
sephum 38 to retain it in place or limit its proximal movement. As best shown iIn Figure 2B,
the septum 38 has one or more pre-formed openings or slits 42 designed to selectively
prevent unwanted fluid fow through the septum 38, The septum 38 preferably has three
intersecting slits 42 forming three flaps that open when engaged by a valve actustor or &
septum acteator (hereinafter actuator),

IB0100] The septum 38 further includes a plurality of axial flow channels 39, The flow
channels 39 are disposed on an outer circumference of the septum 38, Eight tlow channels
39 equidistant from each other are illustrated, although various guantities and positions are
comtemplated. The flow channels 39 have an appropriate width and depth so that when the
septum 38 is not opened, bloed can enter and alr can escape the space distal of the septom 38
in the front portion of the catheter hub 14, At the same time, the fow channels 3% are sized
small enough (o prevent the blood from exiting past the septur 38 {at least for some perind
of time). Such a configuration is possible because the Intermolecular forces in the blood are
greater than the intermolecular forces m air.

e 10}~
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{00101} The septum 38 shown in Figure 2B may be used In any of the embodiments
discussed herein, Other septum configurations may be used as would be understood by one
of erdinary skill im the art. When the catheter tube 18 is initially inserted into 2 patient, and
the introducer needie 12 is removed, the septum 38 prevents biood from flowing through the
channel 28 and out of the distal end. The septum 38 is made of an elastic material to form the
valve, for example silicone rabber, Other elastic materials may be used and non-elastic
materials may be incorporaied in the septum 3% as needed.

[O0102] Figure 2A depiets sn exomplary embodiment of an actuator 44 having an actuator
barrel 46 surrounding an internal passage 46A. Actuators similar to that of Figure 2A may be
used in any of the embodiments deseribed herein, The actuator 44 is positioned in the
chamnel 28 and is axially moveable in the channel 28 to engage and open the slits 42. The
actuator barrel 46 is a substantially tubular member and the internal passage 464 is
substantially cylindrical to allow fluid to flow through the actuator 44 and through the septum
38 when the septum 38 is opened or penetrated by the actuator 44, The tubular member has a
distal opening 468, one or more side openings 46C, and a distal end 4610 that engages and
opens the slits 42, The side openings 46C of the actuator 44 allow for fluid flushing.
[OR103] A conical section 48 forms the proximal end of the actuator 44, The conical
section 48 15 a substantially frusto-conical mesmber that is tapered towards the actuator harrel
46 and has one or more proximal openings 48A to permit fluid flow. The conical section 48
receives or engages or abuts the end of 8 Luer connector (not shown). One or more tabs 50
extend from the actuator 44 0 engage a respective flange 52 or one or more shoulders on the
inner surface 24 of the catheter bub 14. The intersction between the tabs 50 and the flange 57
limits proximal movement of the actuator 44. The proximal opening 484 and an internal
passage 488 comwnunicating with the internal passage 46A preferably sliow fluid to flow
between the Luer connector and the catheter tube 18, Side openings 48C in the conjesl
section 48 aliow for fluid flushing. The actuator 44 is preferably made in one pisce from g
rigid or semi-rigid material, for example a vigid polyimer material or a metal,

[30104] As s male Luer connector is inserted in the catheter hub 14, the end of the Luer
connector slides toward the conical section 48 and abuts the achuator 44, Further movement

of the Luer connector moves the actuator 44 axially toward and through the septum 38 with

4
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the distal end 46D of the actuator barrel 46 separating the one or more slits 42 to engage and
open the septum 38, After the septurn 38 is opened by the actuator 44, fluid is permiited o
flow from the Luer connector, through the internal passages 488 and 48D of the actuator 44,
and inio the flexible catheter 18 or vice versa, When the Luer counector 32 is removed, the
actuator barrel 46 rerpains in the septum 38.

{OD108] Figures 3-8 depict an embodiment of the catheter assembly 10 that includes a
relurn member 36 which provides a multi-use function for blood control, for example. The
actastor 34 has an achuator barvel 39A sorrounding an internal passage 59B. The achuator
barrel 59A is a substantially tebulsr member and the internal passage 598 is substantially
eylindrical. The tubular reember has oue or more openings 55 to permit fluid flow through
and around the actuator barrel 39A. The openings 55 advantageously provide increased area
tor the fluid to move inside the catheter hub assembly. The increased area advantageously
ablows for fluid flushing and to prevent coagulation of fluid in the proximal and distal ends of
the septuens 33, Additionally, the openings 35 advantageously minimize the stagnation of
fluid and allow for greater mixing.

[FOLOG] A first end of the actuator barrel has a nose 58 with a chamfered outer surface to
engage the septum 38, A frosto-conical section 61A extends from the second end of the
actugtor barrel 39A. The frusto-conical section 614 has one or more openings 618 to permit
fluid flow therethrough. A cylindrical section 61C extends from the frusto-conical section
61A i engage a male Luer connector 32. Ome or more hooks 6{ having an angled front
surface and a slot 62 exiend from the actuator barrel 39A.

[OOLIOT] In the exemplary embodiment shown in Figures 3-8, the return member 56 is a
biasing member such as a coil spring, for example a helical comprassion spring with a distal
end 64 snd a proximal end 66, The spring can be, but is not Hmited to, rubber, silicone
rubber, a thermal plastic, g thermal plastic slastomer, metal, plastic, an elastomeric member
such as an elastomer, or another suitable resilient material. The distal end 64 of the spring
forms an interference fit with the inner surface 24 of the catheter hub 14, The interference it
may be suificient to retain the spring, even during loading, or the distal end 64 of the spring
may also abut the septum 38. The proximal end 66 of the spring connects to the sctuator 54,

for example by fitting over the hook 60 and into the slot 62.

~ 3E
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[OOL08] 1o other various embodiments, the actuator 54 and the biasing member 56 are
combined to be a unitary structure. In various exemplary embodiments, the inner surface 24
of the catheter hub 14 and/or the outer surface of the actualor 34 and/or biasing member 56
includes undercuts, bumps, projections, tines, or other sultable structure to form 2 snap
connection between the catheter hub 14 and the biasing member 56, and the biasing member
56 and the actuator 84, In further various exemplary embodiments, the blasing member or
spring 56 and actuator 54 may be attached 1o each other via an engagement that doss not
require a snap connection including a diametric interference {it or a press it

FOOL09] Figures 3-7 depict the operation of the catheter hub 14 having an actuator 54 snd a
return member such as a biasing member or spring 56, The return member functions by
returning the actuator 54 from a second position engaging the septurn 38 {opening or
penetrating the septum, for example} to open the valve, to 2 first position at a proximal end of
the septum 38 {not engaging the septum 38} 1o close the valve., The needle 12 initally
extends through the sctuator 54, the septum 38, the wedge 34, and the catheter tube 18, After
the needle 12 and the catheter tube 18 are inserted into 3 patient, the needie 12 is withdrawn,
closing the septum 38,

{01101 There are two basic ways to open the septum 3%, either of which can be used in
the practice of the present invention. In the first way, the septom 38 can be in an opened state
when the actuator 44 contacts or pushes sgaingt the slits 42 of the septum 38. When the
septurn 3 s opened in this way, the actuator 44 does not extend through the septum 38,
Rather, the end surface of the actuaior 44 is disposed on the slits 47 of the septum 38, Either
the resilient slits 42 or flaps of the septum 3R, or the spring 56, or both, can cause the actuator
44 1o refract when operation is complete and upon removal of the axial pressure on the
actuator 44. Iu the second way, the septum 38 can be in a penetrated stale where the actuator
44 extends through the septum 38 causing the sepiumn 38 1o open. In this state, the actuator
44 requires an external force, such as the spring 56, to retract the actuator 44 and close the
sephum 38, In the penetrated state, the resilient slits 42 of the seplum 38 cannot refract the
aetuator 44 on thelr own. Both septum states can open the septum 38 and allow fluid to be

exchanged.
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SUBSTITUTE SHEET (RULE 26)



WO 2016/168745 PCT/US2016/027955

{0111} Asshown in Figures 5 and 6, as the male Luer connector 32 is inserted into the
catheter hub 14, the Luer connector 32 moves the actugtor 54 in the distal direction,
compressing the spring 56. Further insertion of the Luer connector 32 moves the achuator 54
through the septum 38, opening the shits 42 and allowing fluid to flow through the catheter
hub 14, As best shown in Figures 7 and 8, when the Luer connector 32 is removed, the
spring 56 removes the actuator 54 from the septum 38, closing the shits 42 and preventing
flutd from flowing therethrough. This allows the catheter assembly 10 to bo reused through
muliiple Luer connections, as opposed to a single use catheter where the actuator would
remain i the septum 38 after a Luer conneclor is removed. The features of the exemplary
embodiments of Figures 3-8 may be combined with features of the other exemplary
embodiments disclosed herein as appropriate.

G011} Although the return member 56 is shown as a biasing member (e.g. spring or sther
resilient member} in all of the embodiments disclosed herein, the invention is not so Hmited.
The retwn member may be any element or assembly that returns the actuator from its second
position to s first position when a Luer connector is removed. When constituted as a biasing
member, the return member 36 can be, but is not limited to, rubber, silicone rabber, a thermal
plastic, or a thermal plastic elastomer. The return member 56 can also be constituted by the
resilient shits 42 or flaps of the septum 38, as discussed ghove.

[O0313] Figure 9 dopicts an alternative embodiment of the actuator 68 and the biasin g
mmember 70A. The actuator 68 has an actuator barrel 69A surrounding an internal passage
498. The actuator barrel 694 is a substantially tubular mernber and the internal passage 698
is substantially cylindrical. A series of openings 69C are formed in the aciuator barrel 694 io
altow fluid to flow through and avound the actuator 8. The aciuator barrel 624 has a distal
end 6912 that engages and opens the septum 38, The distal end 69D includes a nose having 2
chamfered outer surface. A conical section 71 A extends from the proximal end 718 of the
actustor barrel 69A. The conical section 71A is a substantially frusto-conical member
recetves or engages the end of a Luer connector.

[0134] The bizsing member is a helical metal compression spring 704 with a distal end
TUR and a proximal end 70C. The distal end 708 of the spring 70A has a first outer diameier

and a first inner diameter. The proximal end 718 of the spring 704 has a second outer
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diameter and 2 second inner diameter. The second outer diameter may be different from the
first outer diameter and the second inner diameter may be different from the first inner
diameter. The spring 70A may have 4 general conical shape.

B0II5] In various exemplary embodiments, the first outer diameter 15 sized to create a
first interference it with the inner surface of the catheter bub 14, The first interference fit
may be sufficient to allow compression of the spring 70A without contact between the spring
T84 and the septum 38, In alternative ewbodiments, the septum 38 may assist in limiting the
asial movement of the spring 70A. The second inner diameter is sized to create 8 second
interference fit with the actuator 68, for example the actuator barrel 65A. The second
interference fit is sufficient to retain and support the actuator 68 in place in an unstressed
condition, both axially and radislly, with respect o the catheter hub 14, The second
interfersnce fit may be sufficient to allow compression of the spring 70A without contact
between the spring 70A and the catheter hub 14, Because of the support provided by the
spring 70A, the actuator 63 s held, substantially self-centered and doss not touch the inside
walls of the catheter hub 14 as shown. The spring 70A retaining the actuator 68 in the
catheter hub 14 provides an advantage over the catheter shown in Figure 2, because the
actuator tabs 50 and the corresponding shoulder 52 extending from the inner surface are
removed. Removal of the tabs 30 and shoulder 52 reduces complexity of the device. In
various alfernative embodiments, the tabs 30 are used to retain the sctuator and the spring
704 18 freely positioned in the catheter hub 14 without an interference fit with the catheter
tub 14 or the actuator 68,

{O0116] Inaccordance with the Ulustrated embodiment, the spring’s Hrat outer and tnner
diameters are greater than the second outer and inner dlameters. The pitch of the spring 70A
also varies from the distal end to the proximal end. The spring 704 may have oue or more
coils that are touching or very closely positioned at the distal end and one or more coils that
are touching or very closely positioned at the proximal end in an unloaded state. The variable
piteh of the spring 704 allows stiffhess to be concenirated at the distal and proximal ends to
assist in retaining the interference fit while also allowing for sufficient compression through

the middie of the spring 70A. The features of the exemplary actuator 8 and hiasing member
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TOA depicted in Figore 10 may be combined with features of the other exemplary
embodiments disclosed herein as appropriate.

FO0117Y As a Luer connecior {not shown} is inserted in the catheter hub 14, the end of the
Luer connector abuts the conleal section of the actuator 68, Further movement of the Luer
connector moves the actuator 68 axially toward and through the septum 38 with the first end
of the actuator barrel separating the one or more slits, Movement of the actuator 68 toward
the septum 38 compresses the spring 704, After the septum 38 is opened, fluid is permitted
to flow through the catheter hub 14, The compression of the spring 70A is maintained by the
Lauer connector. As the Luer connector is removed, the spring 70A returns the actuator to its
initial position, removing the actuator 68 from the septum 38, After the actuator 68 is
removed, the sepium 38 rehirns (o the closed position, proventing fluid from flowing
therethrough. The features of the exemplary embodiments of Figure 9 may be corobined with
features of the other exerplary embodimenis disclosed herein as appropriate,

{00118} Figure 10 depicts another alternative embodiment of a catheter hub 14 having an
actuator 72 snd a return or biasing mesber 74, The actuator 72 has an actuator barrel 734
surrounding an internal passage. The actuator barrel 734 is o tubular member surrounding a
cylindrical internal passage. A series of openings 73B are formed in the tubular member to
allow fhad to flow through and around the actoator 72, The actuator barrel 73A has g first
end 73A that engages and opens the shits of the septum 38, The first end 754 includes a nose
having a chamfered outer swrface. A cylindrical section 750 extends from the second end
758 of the tubular portion. The cylindrical section 75C may have a conical aperture for
receiving a Luer connector of the aperture may be & continuation of the cyvlindrical internal
passage.

[O0L19] The retorn or biasing member in Figure 10 is 2 helical mets] compression spring
74 with 3 distal end and 2 proximal end. The distal end is interference fit with the inner
surface of the catheter hub 14 and the proximal end is interference fit with the actuator 72,
The inner surface roay have a channel, groove, slot, or other depression 76 to receive the
distal end of the spring 74, The spring 74 depicted in Figure 10 may be similar io, or the same

as, the spring 70A depicted in Figure 9.
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(01207 As discussed above, the conical spring 74 supports the actuator end and therehy
allows for removal of the actuator tabs 50, The catheter 10 is designed for use with different
sized Luer connectors that penetrate the Interior channel at different lengths. Because the
tabs 50 of the exemplary actuator 44 depicted in Figure 2 cannot travel through the septum
38, the length of the tmbular portion is increased {0 accommodsate the different sized Luer
conneciors. As best shown in the exemplary embodiment of Figure 19, by removing the tabs
540, the actuator 72 and the catheter hub 14 can be shortened, reducing the size and the cost of
the device. The features of the exemplary embodiments of Figare 10 may be combined with
teatures of the other exemplary embodiments disclosed herein as appropriate.
{001ZL] Figwre 11 depicts another alternative embodiment of a catheter hub 14 having an
actuator 78 and a refurn or blasing meraber 80, The actuaior 78 has an actuator barrel
surrounding an internal passage. The actuator barrel and the internal passage have a conical
shape tapering from the proximal end to the distal end of the catheter hub. The actuator barrel
has a first end that engages and opens the slits 42, The first end includes a nose having a
chamiered outer surfuce. One or more profrusions 82 exiend radially from the barrel to
engage the Masing member 80, The protrusions 82 may be a single, frusto-conical Hange
extending around the outer surface of the barrel, one or more tabs extending from the barrel,
ot other similar structure.
{00122] The biasing member 80 in Figure 11 is preferably an elastomer spring having an
outer surface engaging the inner surface of the catheter hub 14 and an aperbire receiving at
least 2 portion of the actuator 78, The biasing member 80 can also be, but is not Hroited to,
nubber, silicone rubber, a thermal plastic, or a thermal plastic elastomer. In accordance with
an exemplary embodiment, the aperture includes a proximal opening 84, 2 middle opening
86, and a distal opening 88. The proximal opening &4 has a substantially cylindrics! shape
with a first diameter. The middle opening 86 has a second diameter larger than the first
digmeter. The middle opening 86 may cylindrical or it may be bound by one or more angled
walls to having a substantially frusto-conical shape. For example, the middie opening 86
may be bound by walls having an angle that corresponds to the angle of the actuator
protrusions 82, The distal opening 88 has a substantially cylindrica! shape and diameter that
is smaller than the dismoeter of the proximal opening 84 and a diameter smalier than the

o 1T o
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midddle opening 4. In various exemplary embodiments, the size, shape, and configuraticn of
the elastomer spring and the openings may vary depending on the catheter hub 14 and the
actuator 78,

F00133] The actuator 78 is placed into the elastomer spring 34 so that at least 4 portion of
the first end of the actuator barrel extends through and protrudes from the elastomer spring
&0, The actuators protrasions 82 sit in the middle opening 86 o retain the actuator 78 in
place and resist proximal movement of the actuator 78, The second end of the actuator
extends from the proximal opening 84 to receive or engage a male Luer connector {not
shown}. Asa Luer connector is inseried, the actuator 7€ is moved in the distal direction
against the bias of the elasiomer spring 3{, elastically deforming the elastomer spring 80, As
the Luer connecior is removed, the elastomer spring 80 returns the actuator 78 substantially
to s mitial position. The features of the exemplary actuator and biasing member depicted
Figure 11 may be corobined with features of the other exemplary embodiments disclosed
herein.

FB0124] Figure 12 depicts another alternative embodiment of 2 catheter hub 14 having an
actuator 90 and a rehwrn or blasing member 92, A first end of the actugtor 90 has an actustor
barrel surrounding an internal passage. The actugtor barrel has g substantially frusto-conical
shape tapering from the distal end to the proximal end of the catheter bub. The actuator barrel
has one or more openings permitting fhuid flow through the actuator, The actuator 90
imcludes 3 second end for receiving or engaging a Luer connector. The second end has a
substandially frusto-conical shape. The second end may also include one or more openings
and an internal passage. A middle portion 94 connects the first end and the second end of the
actuator 99, The middle portion 94 has a substantial eylindrical shape surrounding an
interna! passage.

[O128] The bissing member 92 in Figure 12 1s preferably an clastic washer, The washer
92 has an cuter surface that engages the inner surface of the catheter hub 14, The inner
surface of the catheter hub may include 3 slot or groove 96 1o receive and refain the washer
92, The washer 92 has an inner dameter that recetves the middie portion %4 of the actuator
80, The muddle portion 94 may have a diameter that is smaller than the frustum of the second

end and smaller than the hase of the first end, retaining the washer against a first flange
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formed by the first end and 2 second flange formed by the second end. The shape, size, and
configuration of the actuator 90 and the washer 92 may vary o accommodaie one another,
[001326] The actustor 90 is placed into the washer 92 so that the first end of the actuator 90
extends through and protrudes fom one side of the washer 92 10 engage the septum 38, The
second end of the schuator 90 exiends from the washer 92 to receive or engage a male Luer
cormector 32, As the Luer connector 32 is inseried, the actuator 90 is moved in the distal
direction against the bias of the washer 92, elastically stretehing the washer 92, Further
insertion of the Luer connector 32 moves the sctuator 30 through the sephum 38, opening the
shits 42, As the Luer connector 372 is removed, the washer 92 returns the actuaior 90 to s
initial position. In various additional embodiments, the washer 92 can be, but i3 not Hmited
to, rubber, silicone robber, a thermal plastic, & thermal plastic elastomer, a spring washer, an
slastomeric washer, a plurshily of elastic bands, a compression spring, an extension spring, a
disc spring, or other suitable biasing member, The features of the exemplary actuator 80 and
biasing member 92 depicied in Figure 12 may be combined with features of the other
exemplary embodiments disclosed herein as appropriate,

{0127 Figore 13 depicts another altermnative embodimsent of a catheter hub 14 having an
actuator 98 and a return or biasing member 100, The actuator 88 has an actuator barrel
surrounding an internal passage. The actuator barrel has a first end that engages and opens
the slite 42, The actuator 9€ includes a second end fiw receiving or engaging s male Luer
connecior (not shown).

fO0E28] The bizsing member in Figure 13 can be, but not limiied to, one or mwore elastic
meanbers 100, for example, a circular or radially extending silicone member, g plurality of
elgstic bands, rubber, sitlicone rubber, a thermal plastic, or a therma! plastic elastomer. In
various exemplary embodiments, the elastic bands are made from silicone or silicone rubber.
The biasing member 100 is connected to 2 fixed support 102 attached to the nner surface of
the catheter hub 14, The fixed support may be 2 single member extending radially around the
inner surface or it may be one or mere isolated blocks depending on the type of biasing
mesnber,

{G0129] The biasing member 100 receives and/or connects to the actuator 98 to vetain the

actuator 98 in an unstressed position. As a male Luer connector is inserted, the actuator 98 18
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moved in the distal direction stretching the blasing member 100, As the Luer connector is
removed, the biasing member 100 returms the acuator 98 to its initial position. The features
of the exemplary actuator 98 and biasing member 100 depicied in Figure 13 may be
combined with features of the other exemplary embodiment disclosed herein as appropriate.
{00130} Figure 14 depicts annther alternative embodiment of a catheter bub 14 having an
actator 104 and a return or biasing member 106, The biasing member 108 is similar to thoss
discussed above with respect to Figure 13, The actuator has an actuator barrel surrounding an
internal passage. The actuator barrel bas a first end that engages and opens the alits 42, The
actuator includes a second end for recetving or engaging a Luer connector (not shown). The
actuator barrel and catheter hub 14 are shorter than those depicied in other embodiments,
although any of the sctuators or catheter hubs described hersin may be used with this
embodirnent, The biasing member 106 may be, but is not Imited to, rubber, silicone rubber,
a thermal plastic, a thermal plastic elastomer, one or more bands, a radially extending
member, or other suitable biasing member. The biasing member 106 includes a flange 108
that fits o a groove or slot in the catheter hub 14, The features of the exemnplary actuator
104 and biasing member 106 depicted in Figure 14 may be combined with features of the
other exeroplary embodiments disclosed hereln as appropriate.

{B0131] Figures 15A-135B depicts another alternative embodiment of 3 catheter hub 14
having an actuator 110 and a return or biasing member 112, The actuaior 110 bas an actuator
varrel swrrounding an internal passage. The actuator barrel has a first end that engages and
opens the slits 42, The first end includes a nose having a chamfered outer surface. The
second end of the actuator barrel receives or engages 2 male Luer connector 32.

[B01323] The biasing member is an elastic band or disk 117 that is connected near the
second end of the actuator 110, The elastic band 112 mav be made from, but i not Hinited
to, intex, rubber, sticone rubber, a thermal plastic, a thermal plastic elastomer, or other
suitable elastic material, A first end of the elastic band 112 is connected to the catheter ub
14, A second end of the elastic band 112 is connected to the actuator 110, for example by an
interference £it, or other mechanical connection, or through a chernical bond such as an

adbesive or molded bond, The featurss of the exemplary actustor 110 and biasing member
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112 depicted in Figores 15A-B may be combined with features of the other exemplary
embodiments disclosed herein as appropriate.

HH3133] Figure 16 depicts another alternative embodiment of a catheter hub 14 having an
actuator 114 and a return member comprising a first biasing member 116 and a second
biasing member 118, The actuator 14 has an actuaior barrel surrounding an internal
passage. The actoator bagrel has a first end that engages and opens the slits 42, The first end
incindes a nose having a chamfered outer surface. Extending from the second end of the
actuator barrel 1§ a cyvlindrical member for receiving or engaging a Luer connector {not
shown}. A compressible section 120 is positioned in the actuator barrel, The compressible
section 120 is made from a suitable compressible material, for example an elastomer or a
polymer,

[O0 1347 Similar to the biasing members depicied in Figures 13-158, the first and second
biasing memmbers 116, 118 of Figure 16 may be one or more bands of elastic material, a
radially extending member, or other suitable biasing member. In various additional
embodiments, the biasing members depicted in Figures 13-16 may be, but are not limited to,
a spring washer, an elastomeric washer, a plurality of elastic bands, a compression spring, an
extension spring, a disc spring, rubber, silicone rubber, a thermal plastic, a thermal plastic
elastomer or other suitable biasing member. The first and sccond biasing members 116, 118
are connected to the catheter hub 14 through one or move support blocks 122, In vartous
exemplary embodiments, only a single biasing member is used.

HH3135] Asa Luer connector is inserted, the Luer connector engages the compressible
msert 120 and moves the actuator 114 in the distal direction against the bias of the first and
second biasing members 116, 118, Further insertion of the Luer connector moves the
actuator through the septum (not shown), opening the slits 42, The first and second biasing
member 116, 118 and the compressible insert 120 are configured so that the acteator 114 may
advance a certain distance until the resilient force of the biasing members 116, 118 is greater
than the force needed to corpress the insert 120, At this point, the insert 120 deforms so that
further insertion of the Luer connector does not result in further distal movement of the
actuator 114, As the Luer connecior is removed, the insert 120 expands to is normal volume

and the first and second biasing members 116, 118 return the actuator 114 to is initial
F
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position. The features of the exemplary actuator 114 and biasing members 116, 118 depicted
in Figure 16 may be combined with features of the other exemplary smbodiments disclosed
herein.

R0136] Figure 17 depicts another alterative embodiment of a catheter hub 14 having an
actuator 127 and g return or hiasing member 124, The actuator 122 has an actuator barrel
swrrounding an internal passage. The actuator barrel has a first end that engages and opens
the slits 42, Fatending from the sccond end of the actaator barrel is a member {(not shown)
for receiving or engaging a Luer connector. One or more protrusions 126 extend from the
actuator radially towards the inner surface of the catheter hob 14, The protmusions 126
engage fabs {not shown} on the catheter hub 14 1o Hmit the axdal movement of the actaator
122, similar to the embodiment depicted in Figure 2.

30137 The biasing member 124 of Figure 17 extends from the sephum 128 in the distal
direction. The biasing member 124 includes two or more arms 138 connected 1o a central
hub 132, The central bub 132 is shown as a cyvlindrical member having an opening. The
central bub 132 is configured to engage at least 2 portion of a front end of the actuator 122,
Yarious sizes, shapes, and configurations of the central bub 132 may be used depending on
the catheter hub 14 and the actuator 122, The biasing member 124 is preferably made from
an glastic material, for example a silicone rubber, The biasing member 124 can also be made
from, but is not limited to, rubber, sthicone rubber, & thermal plastic, or 3 thermal plastic
clastomer. The septum 128 and the bissing member 124 may be unttarily fmmed or the
septuin 128 and/or slits 42 may be formed separately from the biasing member,

IO0138] In various exemplary embodiments, the septum 38 is configured o retumn the
actuator to s initial position. As g male Luer connecior {nof shown} is inserted, the actuator
122 is moved in the distal direction, opening the shits 42 and passing through the septum 128,
The septom 38 includes one or more slits 134 with the slits 134 defining two or more flaps.
in the exemplary embodiment illustrated in Figure 17, the septum 38 has three slits 134
defining three triangular flaps. As the actuator 122 is inseried into the septum 3§, the flaps
move in the distal divection 1o receive the actuator 122, The flaps are resilient and exert a

bigsing force on the actuator 122, which may be sutficient, depending on the depth of
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nsertion of the actuator 122, to return the actuator 122 substantially to its initial position or al
least to g position that allows the shits 42 to close.

{01397 As mentioned above, the length of a Luer connector varies, and the depth of
penetration of the Luer connector into the catheter hub 14 and the resulting movement of the
actuator 122 varies dependfng on the Luer connector. At a certain trave! distance of the
actuator 122 through the septum 38, the septum 38 is not capable of returning the aciator
122 b 8 position that allows the slits 42 to close. In accordance with the exemplary
embodiment, the biasing member 124 is configured to bias the actuator 122 at least to 3 point
where the slits 42 can move the actuator 127 to a position that allows the septum 38 to close,
if the penetration of the Luer connector is long encugh, the first end of the actuator 122
moves through the septum 38 and engages the biasing member 124, for example the central
hub 132, Further movement of the actuator 122 stretches the srms 130, As the Luer
connector is removed, the biasing member 124 moves the sctuator 122 in the proximal
direction until the biasing member 124 is iv an unstressed state. At this point, the septum 38
moves the actuator 122 in the proximal direction a sufficient distance to allow the slits 42 to
close. The features of the exeroplary actuator 122 and biasing member 124 depicted in Figure
17 raay be combined with featurss of the sther exemplary enibodiments disclosed herein as
appropriate,

{03407 Figure 1% depicts another alternative smbodiment of a catheter hub 14 having an
actuaior 134 and a return or blasing member 136, The actuater 134 has an actuator barrel
sugrounding an internal passage. The achuator barrel has a first end that engages and opens 3
septam 38. The first end includes a nose having a chamfered outer surface. The second end
of the actuator barrel receives or engages  Luer conmector {not shown). A pin 138 extends
radially from the side of the actuator barrel. The pin 138 mates with 3 slot 140 formed in the
catheter hub 14, In an exemplary embodiment, the slot 140 is a cam slot that has a first
portion extending substantially in an axial direction of the catheter hub 14 and a second
portion extending obliquely, axially in the distal direction and radially upwards, from the first
portion,

{B0342] The biasing member 136 of Figure 13 can be, but is not Hmited to, ribber, silicone

rubtber, & thermal plastic, a thermal plastic elastomer, a spring, leaf spring, an elastic band, or
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other restiient member. The biasing member 136 may exert a force on the actuator 134 in
both the axial and radial divections or ouly in the radial divection. In an exemplary
emboditoent, the majority of the force exeried by the biasing member 134 is in the radial
direction. As the Lugr connecior 18 inserted into the catheter hub 14, the Luer connector
moves the actuator 134 in the distal direction. Movement of the actuator 134 causes the pin
13& to shide in the cam slot 140, forcing the actuator 134 to move radially as well as axially.
As the Luer connector is removed, the blasing member 136 forces the actuator back down,
moving the pin 138 along the cam slot 140 to its initial position. In various exemplary
embodiments, the biasing member 136 may only act in the radial direction, for exsmple
radially downward in the depicted orientation, with sufficient force to slide the pin 138 along
the cam slot 140 to the initial position. The features of the exemplary actuator 134 and
biasing member 136 depicted in Figure 18 may be combined with features of the other
exemplary embodiments disclosed herein as appropriate.

IP0L42Z] Figures 19A-198 depict another alternative embodiment of a catheter hub 14
wherein the actuator and the return or bissing member are constituied by a single spring 142,
The spring 142 has a first series of windings 144 that extend in the axial direction. The first
series of windings 144 have & first end that extends through the septum 38, The first series of
windings 144 may have a first inner diameter at a distal end and a second inner diameter
targer than the first inner diameter at a proximal end. A second series of windings 146 extend
around at least a portion of the first sories of windings 144, The second series of windings
146 may be coaxial with the first series of windings 144 and have a first inner diameter at a
provimal end and a sccond inner diameter greater than the first inmer diameter at a distal end.
The second series of windings 146 has at least one coil that forms an interference fit with the
catheter hub 14, The catheter bub 14 may have a shoulder extending sround the inner surface
to limit movement of the first and second windings 144, 148,

{00143} As amale Luer connector is inserted, the first series of windings 144 are moved in
the distal direction, compressing the second series of windings 146, Further insertion of the
Luer connector moves the first set of windings 144 through the septum 38, opening the slits
42, As the Luer connector is removed, the second set of windings 146 return the first set of
windings 144 {o their injtial position. The features of the exemplary actugtor and bigsing
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member 142 depicted in Figures 19A-198 may be combined with features of the other
exemplary embodiments disclosed herein as appropriste.

[e0344] Figures 20A-208 depict another alternative embodiment of a catheter hub 14
having an actuator 148 and a return or biasing member 130, The actuator 148 has an actuator
barrel surrounding an internal passage, The aciuator barre] has a first end that engages and
opens the shis 42, The first end includes a rounded nose. A flange 152 for engaging the Luer
connecter 32 exiends from the scoond end of the actuator barrel. The flange 157 s
positioned in a slot 134 formed in the catheter b, The engagement of the flange 152 with
the slot 154 limits the axisl movement of the actuator,

{33145} The bissing member in Figures 20A-208 is preferably an elastomer tube 150 that
is positioned around the actuator barrel. However, the biasing mermber can also be, but is not
Hrnited to, rubber, silicone rubber, a thermal plastic, or a thermal plastic elastomer. To
various exemplary embodiments, the elastomer tube 150 is molded to the actuator 148, for
example in g multi-shot molding process, although other suitable mechanical and chemical
congections may be used. The elastomer tube 150 has one or more slits 151 that open to
allow passage of the actuator therethrough,

{00148} Asamale Luer connector 32 is inserted, the actuator 148 is moved in the distal
direction so that the clastomer tube 150 engages the septurn 38. Further insertion of the Luer
connector 32 causes the actuator barrel io pass through the skits in the elastomer tube 150 and
compress the elastomer tube 130 as the actuator 148 moves through the septum 38, As the
Luer connecior 32 is removed, the elastomer tube 150 returns the actuator 148 to its initial
position. In varicus exemplary embodiments, the septum 3% may assist in moving the
actuator 148 in the proximal direction. The features of the exemplary actuator 148 and
Biasing merber 150 depicted in Figures 20A-B may be combined with any features of the
other exemplary embodiments disclosed herein s appropriate.

{00147 Figures 21A-21C depict another alternative embodiment of a catheter hub 14
having an actuator 132 and a return or biasing mermber 134, The actuator 152 has an acator
barrel surrounding an internal passage. The actuator harref has a first end that engages and

opens the shits 42, Extending from the second end of the actuator barrel is a cylindrical
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member for engaging the male Luer connector 32, The actuator is made from g rigid or senmi-
rigid material.
JO0E48] The bMasing member of Figures 21A-21C preferably inchudes a compressible
elastic slesve 154, However, the biasing member can aiso be, but is not limited to, rabber,
silicone rubber, a thermal plastic, or g thermal plastic clastomer. In various exemplary
embodiments, the elastic sleave 154 is unitarily formed with the septum 136, To a further
embodimsent, the septum 156 and biasing member 154 are unitarily formed with the sctuator
152, for example by a mubii-shot molding process that over-molds the septum 156 and
biasing roember 154 onto the actuator. In other altornative embodiments, the septum 156 and
biasing member 154 may be connected, wrapped, or beld together by an interference fit, for
exanmple with the cylindrical member pressing a portion of the elastic sleeve 154 against the
inner surface of the catheter bub 14, The septum 156 and elastic sleeve 1534 include a silicone
material though other sultable materials may be used,
00149 As best shown in Figure 218, the septum 156 has an oval configuration and is
formed with g single slit 138, The shit 158 may be formed doring molding or cut into the
septum 136 afier the molding operation. The septom 156 is configured so that the slitis inan
open orientation m an unsiressed condition. The septum 156 is fit into 3 slot or groove in the
mner surface of the catheter hwb 14, The groove is sized o compress the slit into a closed
orientation, forming a fluid tight seal. As best shown in Figure 21C, an ¢lastomer 160 may
be over-molded or assembled on the front edge of the conductor,
IG01B0] Asa male Luer connector 32 is inserfed, the actuator is moved in the distal
direction, compressing the sleeve 154, Further insertion of the Luer connector 32 moves the
actuator 152 through the septum 156, opening the slits 4%, Ag the Luer connector 32 is
removed, the sleeve 154 returns the actuator 152 1o lis indtial position. The septuim 38 may
also assist in moving the actuator 152 in the proximal direction. The features of the
exemplary actuator 152 and biasing member 154 depicted in Figures 21A-21C may be
combined with features of the other exemplary embodiments disclosed herein as appropriate.
{00151] Figure 22 depicts a side-port catheter hub 162 and Figures 23-26 depict various
exemplary embodiments of an actuator 164 and a return or biasing member 166 used with a
side-port catheter hub 162, The catheter hub 162 inchudes a channel and a side port 168
T
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extending substantially orthogonal o the channel. A septum 170 forming a first valve is
positioned in the channel. A side valve, for example 3 valve sleeve 172, is also positioned in
the channel to form a second valve for the side port 168, The valve slegve is an elastic
member, for example a length of silicone or rubber tubing. The valve sleeve 172 is
compression fit in the catheter hub, When fluid is infroduced into the side port 168, the valve
sleeve 172 deforms i the radial divection, permisting fluid to flow around the valve sleeve
172 and o the channel. Reference is made to U8, Patent No. 4,231,367, incorporated by
reference berein, for a sude port catheter with a vaive sleeve of the type describad herein,
{01821 Figores 23-26 depict an acluator 164 having an sctuator barrel surrounding an
internal passage. The actuator barrel has a first end that engages and opens the valve. A
cylindrical or frusto-conical member extends from the second end of the actuator barrel to
engage a male Luer connector. The biasing member 166 is depicted as a metal spring.
However, the biasing member 166 can also be, byl 18 not Hmited to, rebber, silicone rubber, a
thermal plastic, or a thermal plastic elasiomer,

HIB3E] In the exemplary configuration of Figure 23, the sephum 170 is positioned in
catheter hub 162 distal to the side valve 172 and the biasing member 166 is positioned in the
catheter hub 162 proximal to the side valve 172, The biasing member 166 is connecied at a
first end to the inner surface of the catheter hub 162 and at s second end to the actuator 164,
for example by a pair of interference fits. The biasing mernber 160 may also abut the side
valve 172 to Himit distal movement,

fO0184] In the exemplary configuration of Figure 24, the septum 170 and the biasing
member 166 are positioned distal to the side valve 172, The biasing member 166 i3
connected at 2 first end to the inner surface of the catheter hub 162 and at a second end o the
actugtor 164, for exarple by a pair of interference fiis. The aciuator 164 inchedes a flange
174 or one or yoore tabs extending radially fHom the actuator barrel to receive or ghut the
second end of the bigsing member 166,

[QGO185] In the exemplary configuration of Figure 23, the septum 170 and the biasing
member 166 are positioned proximal to the side valve 172, The biasing member 166 is

connected at 8 first end 1o the inner surface of the catheter bub 162 and at 3 second end o the
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actuaior 164, for example by a pair of interference fits. The biasing member may also abut
the septum 179 o limit distal movement.

[GG186] In the exemplary configuration of Figure 26, the septum 170 and the side valve
172 are unitarily formed. The biasing mermber 166 is connected at a firsi end 1o the inner
surface of the catheter hub 162 and at a second end to the actuator 164, for example by 2 pair
of interference fits. The biasing member 166 may also abut the side valve 172 to limit distal
mevement. The features of the exemplary actuator and biasing member depicted in Figures
22-26 may be combined with features of the other exemplary cmnbodiments disclosed herein
38 appropriate.

{0157} Any of the catheters described herein can be used in combination with the features
as depicted in Figures 27-37. The needle hub 14 extends around a needle tip shicld 176 and
retaing a proximal end of a needle 12, A needle cover 178 initially covers the needle 12, the
catheter tube 18, and at least a portion of the catheter hub 14, The needle cover 178 can
connect 10 the catheter hub 14 or to the nesdie hub 16, The needle 12 initially extends
through the needie tip shield 176 and the catheter hub 14, The flexible cathster tube 1%
extends from the distal end of the catheter hub 14, with the needle 12 passing through the
catheter tube 18, Tnitially, the needle 12 is inserted into 2 patient’s vein. The catheter tube 18
is pushed along the needle 12 and into the vein following the needle 12, After the catheter
tube 18 is inserted, the needle 12 is removed from the patient’s vein and through the catheter
hub 14, The needle tip shield 176 provides protection from being stuck by the needie 12 as it
is retracted from the catheter hub.

[DO188] In accordance with the exemplary embodiments depicted In Figures 27-36, the
needie tip shield 176 inclades an outer sleeve 178, an inner sleeve 189, and a resilient metal
chip 182, The outer sleeve 178 connerts to the catheter hub 14 and swrrounds the inner sleeve
E80, and the clip 182, The inner sleeve 180 is positioned in the ouler sleeve 178 and is
moveable in the axial direction. The clip 182 is connected to, and axi ally moveable with, the
mner sleeve 180,

{OOLREB] In accordance with the exemplary embodiments depicted in Figures 28-30, the
outer sleeve 178 includes an outer surface 184, an inner surface 186, 2 channe! bound by the
inper surface 186, a proximal opening, and a distal opening. The cuter surface 184 has an

T
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octagona! configuration with cight planar sides, although other curvilinear sndfor rectilinear
shapes may be used. The inner surface 186 has a planar top wall and a planar bottom wall
connected by a pair of curved sides. A sbot 138 extends through a wall of the outer sleeve
178,

I0G160] A catch 19 extends from the outer surface to engage a protrusion on the catheter
hub 14, In the exemplary embodiment, the catheter bub protrusion is a Luer connector
reegtving thread, for example a LUER-LOK® stvle of thread. The catch 190 has a front
sdge, a back edge, and g pair of sude edges. An opening or depression is formed between the
front edge and the back edge o receive the catheter hub protrusion. The opening allows the
caich 120 o be formed with 3 clearance approximaiely squal to, or slightly greater than the
height of the projection, allowing the catch 190 t0 engage the front, back, and/or sides of the
conmection while minimizing the amount of material and space needed. In various exemplary
erabodiments, the catch 190 s formed without the opening. The caich 190 resists premature
release of the needle tip shield 176 from the catheter hub 14,

00161} In sccordance with the exemplary embodiments depicted in Figures 31 and 32, the
inner sleave 180 includes a base 192, & distal side 194, and 2 proximal side 196, A resthond
arm 198 and a tab 200 extend from an outer surface of the base 192, The resilient arm 19¥¢
and the tab 200 engage the slot 1838 in the outer sleeve 184, One or more clip retaingrs 202
extend from an inner surface of the base 192, The olip is positioned between the clip
retainers 202 and the proximal side 196, An opposing member 204 extends from the distal
side 194 in the distal direction. The opposing member 204 is wbular and configured io be
mserted into the catheter hub 14, The proximal side 194, distal side 196, and opposing
member 204 each have an opening for receiving the needie 12,

001623 In accordance with the sxemplary embodiments depicted in Figures 33 and 34, the
resilient metal chip 182 includes a base 206 having an opening for receiving the needle 12, 3
first armn 208, and a2 second arm 210 extending from the base 206, The first arm 208 extends
further in the axial direction than the second arm 218, The first arm 208 has a first hook 212
and the second arm 214 has a second hook 214, A first tab 218 is formed in the first arm 208

and a second tab 220 is formed in the second arm 210
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[0163] Initially, the noedie 12 passes through the cuter slesve 178, the inner slesve 178,
and the clip 182, The needle 12 bisses the clip 182 into an open posiiton, 30 that the first and
second hooks 212, 214 are vesting along the needle shafl, In the assembled position, the
catch 190 engages the Luer threads on the outer surface of the catheter hub 14 and the
opposing member 204 extends into the proximal opening of the catheter hub 14, In order to
remove the cateh 190 from the catheter hub 14, the culer siceve 178 of the needle tip shield
176 musst be raised so that the catch 190 can slide over the Luer threads. Raising the nesdle
tip shield 176 relative to the catheter hub 14, however, s inttially prevented by the opposing
member 204 extending inio the catheier hub 14,

001647 Asthe needle 12 is withdrawn from the catheter hub 14, the tip of the needie 12
clears the first and second hooks 212, 214, as illusirated in Figure 37, causing the first and
second arms 208, 210 to close and the first and second hooks 212, 214 to surround the tip of
the needie 12. As such, the clip 182 is in a closed position where the distal tip of the needie
12 is blocked. This neadle protection mechanism, via the clip 182, operates passively
{autpmatically) when the needle 12 is removed from the catheter bub 14 because user
actuation 15 pot reguired to inifiate needle protection.

[GO188] As the needle 12 is pulled further, the shaft of the needle shides through the needle
tip shield 176 until a deformation, for example a crimp or protrusion 250 formed near the
distal end of the neadle 12 10 increase iis diameter in at least one direction, engages the ¢lip
base 206. The opening in the clip base 206 is sized io interact with the deformaiion such that
the needle shaft passes through, but not the deformation. Accordingly, & sharp distal tip area,
which includes the sharp distal tip and the deformation of the needle 12, for example, is
enclosed by the clip 182,

[GCL166] Further movement of the needle 12 results in the inner sleeve 180 being drawn
farther into the outer sleeve 178, removing the opposing member 204 from the catheter hub
i4. When the opposing member 204 is withdrawn from the catheler hub 14, the catch 190
may be removed from the Luer thread protrusion and the needle tip shield 176, needle 12, and
needle hub 16 separated from the catheter 10,

{00167} Figure 35 shows the arm 198 and tab 200 of the inner sleeve 180 positioned in the

siot 188 of the outer sleeve 178, After the tip of the needle 12 passes the first and second
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hooks 212, 214 and the first and second arms 208, 210 move into a closed orientation, the tab
2iH can engage the slot 188 o resist separation of the inner sleeve 180 and the outer slesve
178 and possible exposure of the needle 12

{00168] Figure 36 shows the first and second tabs 216, 218 engaging a first shoulder 220
and a second shoulder 222 on the ouder sleeve. The tabs 220, 222 help prevent the clip 182
and the inner sleeve 130 from unintentionally sliding into the cuter sleeve 178, for example
during shipping. The needle 12 biases the first snd second arms 208, 210 into an open
position so that the tabs 216, 218 engage the outer sleeve 178,

f00L8%] Any of the various exemplary embodiments discussed herein may include an
antimicrobial systern, such that one or more antimicrobial agents or coatings may be
incorporated or applied to any of the components of the catheter discussed herein. For
example, the spring may be coated with a UV cursble antimicrobial adhesive coating. The
coating may be applied spraying, batch tumbling, or during formation of the spring windings.
A suttable coating is desoribed in U8, Patent No. 8,691,887, the disclosare of which is
ncorporated by reference. Antimicrobial agents suitable for use in this is type of application
metuded, chiorhexiding gluconate, chiorhexidine diacetate, chiloroxylenol, triclosan,
hexetidine, and may be inchuded in 2 actuator lubricant applied to assist in easy penetration
and opening of the septum, sud return of the aciuator to the closed position after Luer
connector disengagement,

{OLT0! Figure 3¢ illustrates an exemplary embodiment of an acmator 54, The aciuator $4
can be used in any of the embodiments disclosed herein. The actuator 54 includes 3 nose 58
that reduces friction when the actuator 54 penetrates inio a septum 38 of a catheter hub
assembly. The actuator 54 further inclodes openings 55 that extend through the actuator 34
in a direction perpendicular to a centerline of the actuator 34, For example, the actuator 54
can inchude twe rectangular shaped openings 55, although more or less are contemplated.
{O0ETL] The actuator 54 also includes a plurality of grooves 57 that extend axially along
the distal portion of an outer surface of the actuator 54 in a plane parallel to the centerline of
the sctuator 54, For example, fowr grooves 57, substantially radially eguidistant from each
other, can be present along an external surface of the distal portion of the actuator 54,

although more or less grooves 57 are contemplated. The grooves 57 can be of varying depths
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into the actuaior 34. The grooves 37 are different from the openings 55 because the grooves
57 do not extend completely through the thickness of the actuator 54,

[BOLT2] The openings 55 and the grooves 57 advantageously provide increased area for the
fluid 1o move mside the catheter hub assembly, The increased ares sdvantageously allows
for fluid flushing and to prevent coaguiation of fuid in the proximal and dista! ends of the
septurm. Additionally, the openings 55 and the phurality of grooves 57 advantageously
minimize the stagnation of fhad and allow for greater mixing. The grooves 57 further
prevent the septumn from sealing on an outside surface of the actuator during operation. By
not forming a sealing tnterface, the fluid is permitted to leak through the septum via the
grooves ST gnd provide additional flushing,

[GOL7T3] Figure 39A illustrates the actuator 54 of Figure 38 in the catheter b sssembly.
Simlar to the embodiments deseribed above, the cathster hub assembly further includes g
catheter hub 14, 8 septum 38 and a biasing member 36, As illustrated, the openings 53 and
the grooves 57 of the actuator 34 provide more area for fhuid flow inside the catheter bub 14,
thus schieving the advaniages described ahove,

[OOLT4] Figures 398 and 39C illustrate the catheter hub assembly when the bissing
member 56 is compressed and the actuator 54 penetrates the septum 38, The catheter hub
assembly may be configured such that the openings 55 andfor the grooves 57 of the aciuator
54 optionally penetrate the septum 38, In this embodiment, the openings 55 in the actugtor
54 do not penetrate the septam 38, However, the grooves 57 in the actuator 54 penetrate the
septum 38, This configuration allows for increased fluid flow from the proximal end to the
distal end of the septum 38 through the grooves 37, in addition to the advantages described
above. After operation of the catheter assembly is complete, the actuator 54 is retracted from
the septumn 38 via the foree exerted by the biasing member 56, The catheter assembly is
configured for multiple uses upon depression of the actualor 534, The features described in
this embodiment, such as the actualor, can be used in combination with the features described
throughout this application,

{O0L7S] Figore 40A illustrates another embodiment of an sctuator 164 in g catheter hub
assernbly. The catheter hub assembly includes g catheter hub 162 having a side port 168,
The side port 168 provides secondary acoess to the fluid flow in the catheter hub 162, The
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intersection of the main bore of the catheter hub 162 and the side port 168 includes a sleeve
172, The sleeve 172 provides selective finid communication between the side port 168 and
the catheter hub 162, Bpecifically, when sufficient fluid pressure is applied through the side
port 168, the sieeve 172 compresses. The compression of the sleeve 172 allows for fuidto
enter the catheter hub 162, The catheter hub assembly further inchudes a septum 170 and a
biasing member 166 that provides tension to the actoator 164,

IB0L76] The actustor 164 includes a plurality of openings 168 that extend through the
actuator 164 in a similar manner as described above. The actuator 164 includes two rows of
four openings 163 having different sizes and spacing, although various quantities, sizes and
spacing of the openings 163 are conlemplated. As tilustrated, the openings 165 provide more
area for fhid flow inside the catheter hub 14, thus achieving similar advantages described
above with respect to Figures 38-39(,

I00LTTY Figures 408 and 40C iHustrate the catheter hub assembly when the actustor 164
penetrates the septum 170 and compresses the biasing member 166, The catheter hub
assembly is configured such that the openings 165 of the actuaior 164 opticually penetrate the
septeim 170, In this embodinent, the openings 165 in the actuator 164 do not penetrate the
septum 170, This configuration allows for increased fluid flow between the side port 168 and
the catheter hub 162 at the proximal end of the septurm 38, in addition to the advaniagss
described above. If the openings 165 in the actuator 164 penetrate the septum 170, increased
mixing of fluid would also take place at a distal end of the septurn 38.

[G0178] When operation of the catheter assembly 15 complete, the actuator 164 is retracted
from the septum 170 via the force exerted by the bissing member 166. The catheter assembly
is configured for muoltiple uses upon depression of the actuator 164, The features described in
this embodiment, such as the actuator, can be used in combination with the features described
throughout this application,

I0GL79] Figure 41 illustrates a cross sectional view of another exemplary embodiment of a
catheter assembly 300 with a different type of needle protection mechanism, in this case one
that houses the entire needle within a protective tube or barrel, rather than shislding only the
needie tip. The catheter assembly 300 employs active (rather than passive or automatic)

needle protection because user activation, via depression of an activation button 308, is
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required to initiate neadie protection. However, both active and passive needle protection are
within the scope of the present imvention.

OO 1840) Operation of the catheter assembly 300 is described as follows. The catheter 302
and the needle 304 are inseried into a vein of a patient, When the nesdle 304 and catheter
302 are securely disposed, the activation button 348 is depressed. Upon depression of the
activation button 30%, ag illustrated in Figure 42, an inner needle hub or housing 312 s
disengaged from a wall (not shown) of the activation button 308, The needle 304 then
refracts info a catheter hub 306, A spring 310 surrounding the inner needle housing 312 is
released by the getivation button 308 which causes the inner needie housing 312 to travel to
the opposite end of the outer needle housing 314, Thus, the needle 304 is now in a retracted
position where the complets needle 304 (Including its sharp distal tip) is retatned in the outer
needle housing 314, The inner needle housing 312 holding the needle 304 is retained in the
outer heedle housing 314 via the force exerted by the spring 310, Accordingly, the
combination of the ner needle housing 312, the outer needle housing 314 and the spring 310
i an exemplary needle profection member,

{00181 Mors information regarding the active needie protection mechanism used in this
embodiment can be foond 1w ULS. Patent Nos. 4,747,831, 5,501,675, 5,578,777, 5,700,250,
5,702,367, 5,830,190, 5,811,705, 8,361,038, 8388583, 8,469,928, § 864,715, and §,932,259,
the contents of which are hereby incorporated by reference. The features described in this
embodiment, including the active needle protection features, can be used in combination with
ihe catheter assernblics described throughout this application.

[OO182] Figure 43 illustrates 3 cross sectional view of another exemplary embodiment of a
catheter assembly 400 with a different type of needle protection mechanism, in this case one
like that of Figures 27-37 that shiclds only the needle tip. The needle protection mechanism
disclosed in the catheter assembly 400 operates passively {sutomatically) when the needle
442 is removed from the catheter hub 406 because user actuation is not required to initiate
needle proteciion. Operation of the catheter assembly 400 is described as follows. The
catheter 404 and the needic 402 are inserted into 2 vein of a patient. When the needle 402

and catheter 404 are securely disposed, the needle 402 is withdrawn by a user.
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[3183] The needie 402 is withdrawn from the catheter 404 when the user pulls the outer
needle housing or hub 414, The needle 402 subsequently retracts into the catheter hub 406
and a sharp distal tip of the needle 402 ultimately enters into the inner nesdle housing 408,
Prior io the distal tip of the needie 402 eniering ino the inner needle housing 408, the needle
442 contacts and biases a longitudinal metal clip 412 into an open position. The longitudinal
clip 412 can be, for exanple, a leaf spring that exiends and compresses in a longitudinal
direction, When the distal tip of the needle 402 sufficiently enters into the inner neadle
housing 408, as illustrated in Figure 44, the clp 412 extends inio the inner nesdle housing
408 towards a centerline of the needie 402, Accordingly, the olip 412 is no longer biased and
enters nto a closed position where the distal tip of the needle 402 s blocked.
{00184] The needle 402 further includes 2 deformation 403 adjacent to ity distal tip, In at
least one direction, the diameter of the deformation 403 is greater than the diameter of the
remainder of the needle 402, The deformation 403 prevents the needle 402 from exiting the
inner needle housing 408 during retraction of the needle 402, Specifically, when the distal tip
of the needle 402 is in the inner needle housing 408, the deformation 403 contacts a rear wall
of the inner needle bousing 408 and prevents the needle 402 from exiting the inner needle
housing 408, Thus, the distal tip and the deformation 403 of the needle 407 gre enclosed in
the inner needle housing 408, The clip 412, needle 402, inner needle housing 408 and outer
needle housing 414 are an exemplary veedle protection member.
ID0188] As illustrated in Figure 45, when the user contivnaes to pull the outer needls
housing 414, the inner needle housing 408 and the catheter bub 406 disengage and separate,
Specifically, a boss 411 of the inner needle housing 408 disengages from a hore in the
catheter bub 406,
[F0186] After the neadle 402 is used, the inner needle housing 408 enclosing the tip of the
needle 402 and the outer needle housing 414 are discarded. The catheter hub assembly can
be subsequently used. Specifically, the user can engage a Luer connector 416 with the
catheter hub 406 to cause the actuator to open or penetrate the septum and establish fluid
cotmunication,
IDB187] More information regarding the needle tip protection mechanism used in this
ernbodiment can be found in 1.8, Patent Nos., 5,215,528 and 5,558,651, the contents of which
3G
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are hereby incorporated by reference. The features described in this embodiment, including
the passive needle protection, can be used in combination with the catheters described
throughout this application.

{O0I88] Figure 46 illustrates a cross sectional view of ancther exemplary cmbodiment of a
catheter assembly 500 with a needle Up shigld. The needle protection mechanism disclosed
in the catheter assernbly $00 operates passively (automatically) when the nesdie $17 is
removed from the catheter hab 5314 beosuse user actuation is not requived to initiate needle
protection. Operation of the catheter assembly 500 is described as follows. During
operation, a needle 512 extends through an aciuator 528 that pierces 2 septum $76 ina
catheter hub $14, as similarly described in the embodimenis above, A V-clip 540, located in
a needie Up shield 520, is biased by the needle 312 inio an open position (the V-clip 540 is
collapsed) to aliow the needle 5312 to pass beyond the V-clip 540, The V-clip 540 comprises
a resilient metal clip. After operation of the catheter assembly 500, the bissing member 530
refracts the actuator 528 inio the catheter hub 514,

{0189 Figure 47 illustrates a cross sectional view of the catheter assembly 300 when the
needie 312 15 in a retracted position. When a distal tip of the needle 512 enters into the
needie tip shield 520 and is positioned on the proximal end of the V-clip 549, the V-clip 540
is no longer biased. Rather, the V-clip 540 expands in the needle tip shisld 520 imto 3 closed
position (the V-clip is expanded} to prevent the needle 512 from maveling bevond the V-clip
544 The expansion of the V-clip 544 in the needie tip shield 520 forms one or more harriers
{as described below) that prevent the distal tip of the needle 512 from exiting the needle tip
shield 520,

{303 190] The needle tip shield 520 includes a metal washer 542 and the needle 512 includes
a deformation 596 adjacent to the distal tip of the needle 512, In at least one radisl divection,
the diameter of the deformation is greater than the diameter of the remainder of the needie
512, In at least one radial direction, the dlameter of the deformation 596 is bigger than a
through-hole in the washer 547 where the needle 512 travels. Thus, the deformation 594
prevents the needle 312 from exiting the washer 342 during needie 512 retraction.
Accordingly, when the needle 512 is in the retracted position, the distal tip of the needle 512

and the deformation 596 are enclosed vis the washer 542 and the barrier of the V-clip 540.
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[O0191] Figure 48 illustrates 2 bottom plan view of the catheter hub assembly and the
needle hub assembly when the needle is retracted. The catheter hub 514 includes a collar 334
having a collar opening 336 and Luer threads $32. When the needle 517 biases the V-clip
344 inloe an open position as described above, g latch 584 that is connected 1o a foot 582 of
the ¥-clip 540 engages the collar 534, The V-clip 340 being engaged with the collar 534
keeps the catheter bub 514 and the peedle tip shield 520 connected.

FO0192] On the other hand, when the needle 512 is in the retracted position and no longer
biases the V-clip 544, the V-clip 340 moves to the closed position. In the closed position, the
latch 384 and the foot 582 of the V-clip 540 move into axial alignment with the collar
opening 536, The collar opening 536 thus allows the catheter bub 514 1o disengage from the
needle tip shield 320,

I00193] Additionally, when the V-clip 540 moves to the closed position, a barrier 578 in
the V-clip 540 prevents the distal tip of the needle 512 from exiting the neadle tip shield 520
Preferably, the barrier 578 includes two barriers although more or less are contemplated. The
combination of the V-clip 540 and the washer 342 is an exemplary needle protection
member.

{G0194] The V-clip 540 further includes an outer wall $70 and a spade 566 that are
configured {o attach the V-clip 540 to an outer wall of the needle tip shield 520. The omter
wall of the needle tip shield 520 includes projections 589 that secure the V-clip 340 by
creating friction between the V-clip 340 and the needle tip shield 520. This configuration
advantageously secures the V-clip 540 to the needle tip shield 520 and avoids the ase of an
outer housing for mounting, Accordingly, the width of the needle tip shield 520 is
advantagecusty reducad,

I00188] Upon separation of the catheter hub assembly and the needle tip shield 520, the
catheter hub assembly can be subsequently used as & multi-use blood control apparatus.
Specifically, the actuator S28 can be engaged multipie times through the use of the Luer
threads 532 in a similay manner as described in the above embodiments.

{00196} More information regarding the needie Up protection mechanisre used in this
embodiment can be found in U.S, Patent Nos, 6,749,588, 7,604,616 and 1.5, Patent
Apphication Publication No. 2014/036480%, the contents of which are hereby incorporated by
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reference. The features described in this embodiment, including the passive needle protection
features, can be used in combination with the features described throughout this application.
[R0197Y] Needle protection members other than those disclosed herein may be used in the
present invention. These may be needic tip shields as exemplified by the embodiments of
Figures 27-37, 43-45, and 46-48, needie-enclosing whbes or barrels as exemplified by the
embodiment of Figures 41-42, or other arrangements. They may operaie passively
{automatically) when the needle is removed from the catheter hub as in the embodiments of
Pigures 27-37, 43-45 and 46-48, or they may require active user achuation as in the
embodiments of Figures 41-42.

[FO198] Figures 49-31 ilhustrate various exemplary embodiments of blood flashback
features in the catheter assembly. Flashback is the visibility of blood that confirms the entry
of the needle tip into the vein. Primary flashback 600 is seen through the catheter tubing as
blood travels into the open distal end of the bollow needle 612, out a notch or opening 607 in
the needle 612 near the needle tip, and up through the internal annular space between the
needle 612 and the inside of the catheter tubing, The secondary flashback 604 is seen in the
needie hub/grip when i comes out of the back of the ngedie 612 and enters 3 flash chamber In
the needle hub/grip. Alr is vented by the plug in the back of the needle hub/grip by a porous
membrane of micro grooves. Tertiary flashback 506 i visible in the catheter hub 614 when
the blond from the primary flashback 600 flows into it and stops at the blood contyol septum.
Air is vented by the micro grooves in the periphery of the blood control septurn. The features
described in these embodiments, inchuding the blood flashback features, can be used in
combination with the features described throughout this application.

{00I199] In another ervbodiment similar to the embodiment Hustrated in Figures 3-8, the
assembly 10 does pot include a return member 56, Rather, as described earlier, the flaps
defined by the siits 42 of the resilient septum 38 act as the return member 56, Prior io
operation, the actuator 44 is in a frec state and does not contact the septum 38 (first position
of the actuator 44). In operation, the septum 38 s in an opened state where the actuator 44
{second position of the actuator 44) contacts or pushes against the shits 42 of the septum 38,
The opened state of the septurn 38 permits fluid communication. Tn the opened state of the

septum 38, the actuator 44 does not extend through the septum 38, In other words, the
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actuaior 44 doos not penetrate the septum 38, As a result, the resilient flaps defined by the
open siits 42 of the septum 38 cause the actuator 44 o retract {o the first position when
operation is complete and upon removal of the axisl pressure on the actuator 44,

[GO200] In another embodiment, as tHustrated in Figures 32-53, the valve actuators 744
fonction in g stnilar suanner to the valve actuators of the catheter assembly as described in
the embodiments of Figure 3-8, However, for the reasons described below, the valve
actuators 744 of the following embodiments tmprove the flushing capability of the catheter
assernbly during s saling flush.

00201} Similar to the embodiment of Figures 3-8, the valve schuators 744 inchude a shaft
portion 750, a diameter reduction region 752 and o mating portion 754, The valve sctuators
744 may be approximaiely 0,529 inches in length. The shaft portion 750 is configured 1o
penetrate a sepiun of a catheter assernbly. Specifically, the shaft portion 750 includes a
distal opening 746b that provides an entrance into 2 hollow interpal passage 746a that extends
through a length of the valve achuator 744, When the valve actuator 744 penctrates the
septam, flaid, such as blood or salive, fravels through the hollow internal passage 7463, The
valve acihuator 744 also includes a plurality of openings 746¢ that provide a passageway for
the fhaid to exit the hollow internal passage 746a.

f00202] The mating portion 754 is disposed at a dista] end of the valve actuator 744, An
outer diameter of the mating portion 754 may be approximately 0,138 inches. The outer
dizmeter of the mating portion 754 is larger than an outer diameter of the shaft portion 750 so
that the mating portion 754 can engage and disengage with a Loer conpector,

F0203] The diameter reduction region 752 18 an inclined member disposed near a
proximal end of an inner diameter of the valve actuator 744, The diameter reduction region
752 is disposed bebween the shaft portion 750 and the mating portion 754 {o connect the shaft
portion 750 and mating portion 754 and fo provide a continuous outer surface of the valve
actuator 744, The diameter reduction region 752 inchudes a plurality of protresions 758 on an
outer diameter as iHustrated in Figures 52-57, as well as on an inner diameter as Hlustrated in
Figure 53, The protrusions 758 advantageously aid in assembling a spring and securing the

spring in the catheter assembly during operation.
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H30204] The diameter reduction region 752 further inchudes g plurality of windows 756.

As itlusirated in Figures 3-8, the windows can extend the full length of the diameter reduction
region of the valve actuator. In 3 valve actuator 744 having a length of approximately 8.529
inches and a maximum cutside diameter of approximately 0.138 inches, the full length {or
height} of the diameter reduction region of Figures 3-8 can be 0.035 ~ 0.040 inches, for
example. However, in Figures 52-535 the windows 756 extend only a portion of the dlameter
reduction region 752,

[G0205] Specifically, Figures 52-55 illustrate that for an actugtor of the overall size
mentioned, the windows 756 can extend approximately 0.005 inches, 0.010 inches, (.0153
inches and .020 inches from a distal end of the diarmeter reduction region 752, respectively,
{sther embodiments inchude windows 756 at any length less than the full length of the
diameter reduction region 752, Ahernately, the windows 756 can extend approximately 1/2
or 1/3 of the length of the diameter reduction region 752, Figures 56 and 37 llustrate
windows 736 adjacent to a distal end of the diameter reduction region 752 but outside the
diameter reduction region 752, The windows 756 of Figures 56 and 57 are in the mating
portion 754 of the valve actuator 736, The windows 756 of Figures 56 and 57 can extend st 3
tength of approximately 0.010 tnches and 0.020 inches, respectively. Advantages of the
windows 756 are provided below.

[O0206] During use, the valve actuator 756 is typically flushed with saline, for example, to
remove any remaining blood or fluld. However, blood or fluid deposiis can reroain even after
the saline flush. The windows 756 are reduced in sive and placed at 2 proximal end of the
diameter reduction region 752 o advantageously iroprove saline flushing.

00207} Specifically, the size (length or height) of the windows 756 increases the velocity
of the saline flow. The saline flow 748 of Figure S4A is representative of each of the
windows 756 of Figures 52-55. As illustrated in Figore 344, the fluid flushing velocity of
the saline flows almost entirely in a radial direction when exiting the windows 756. This is
because the size of the windows 756 is smaller than the windows of the valve actuators in
Figures 3-8. The size of the windows 756 causes the fluid that is traveling through the
mternal passage 746a in a longitudingl divection (axial direction) to shift into a perpendicular
direction {racial divection} to exit the valve actuator 744, For an actuator of the overall size
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mentioned, the preferred optimal size (length or height) is approximately 0125 + 9.005
inches. The closer the size of the windows 736 to the preferred size, the more radial the
direction of flow of fluid will exit out of the windows 756, The radial flow at a higher
velocity will optimize fhushing performance.

{00208 When compared to the embodimenis of Figures 52-58, the flushing fluid velacity
traveling through the windows of the valve actuators in Figures 3-8 has a higher axial
component and travels at a lower velocity beosuse of the large window size. As aresult, a
small section of reduced fhushing can resmain near a corner between the inner diameter of the
adapter and the proximal end of the flushing window.

{00203 The placement of the windows 756 at the distal end of the diarneter redustion
region 752 improves the speed and divection of flow. The windows 756 outside the diameter
reduction portion 752 cause the flow of fluid in the internal passage 746a to change direction
more abruptly compared to the windows in the valve actuators of Figures 3-8, This is
because the fuid flowing through the internal passage 7463 travels shorter by the time the
flow reaches the windows 756, Thus, the windows 756 outside the proximal end of the
diameter reduction portion 750 forces flow to change into more of a radial direction when
exiiing the windows 754

{ROZI0] The fluid traveling through the windows 756 in the diameter reduction region 752
responds similarly. In these embodiments, the distance of the windows 756 from the
cepderting of the valve sctuator 744 is variable between the distal end and the proximal end of
the diameter reduction region 732, This variable flow travel length slightly alters the flushing
performance of the windows 756, As described above, for an actuator of the overall size
mentioned, the optimal window size (length or height) is approximately 0125 # G.005 inches.
The combination of the radial flow direction and the increased velocity advantageousty
erhances flushing,

[O02E1] Figores 59 and 60 are graphical ilustrations of the improved flushing performance
of the vaive actuator. Figure 39 represents the valve actuator with the windows of Figures 3-
§ and Figure 60 represents the valve actuator with the windows 756 of Figure 53, The hash
lines identified by a mumber represent the amount of blood remaining in the catheter hub after

a saline fhush, The remaining blood is measured by a ratio of blood mass to 3 miililiters of
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saline where 760 has a ratio of 1.0, 762 has a ratio of 0.9, 764 has aratio of .8, 766 has g
ratic of 0.7 and 764 bas a ratio . As indicaied in the window section of Figures 59 and 60,
the amount of Blood remaining in the reduced window design of Figure 60 is significantly
less than the amount of blood remaining in the normal window design of Figure 58,
100212} Figure 61 shows avnother illustration of the amount of blood remaining afier a 3
milliliter sahine flush. Data points show the amount of biood remaining after a saline flush in
the various sizes of the windows 756 in the valve actuators 744 of Figures 52-55 snd in the
window of the valve actuator of Figures 3-3. Specifically, the amount of biood remaining is
approximately 2.2% with the 0.4125 inch window height. The amount of blood remaining is
approximately 4.3% with the 0.0373 inch window height of Figures 3-8, Thus, as illustrated,
the fluid flushing performance is approximately 50% improved when the window is
approximately 0125 inches when compared o the windows in the valve actugtors of Figures
3-8

{002 13] Figures 62-65 illustrate an alternate embodiment of the catheter asserably 810
with varicus components that function in g similar manner to the embodiments described
above. In particular, a needle bub 816 operates in a similar manner as the embodiment of
Figures 46-48. The catheter hub 814 operates in a similar manner as the erpbodiment of
[O0234] The needle and catheter tubing of the catheter assembly 810 are enclosed by
ngedle cover 878 when not in use. The needle cover 878 is removed 1o begin operation of the
catheter assembly 810, The catheter assembly 810 also includes s flow control plug 820 that
is simifarly deseribed in Figure §1. Specifically, the plug 820 includes a porous membrane or
micro grooves being disposed at 2 proximal end of the needle hub 816 o vent air while
containing blood.

[OO215] Figure 63 ilhustraies the catheter hub 814 and the needle hub 316 of the catheter
assembly 810, Specifically, the catheter hub €14 includes a metal wedge 834 made of, for
example, 302, 304 or 303 stainless steel in an anpesled state. Alternately, the metal wedge
834 can be 302 or 304 stainless sicel in the annealed or close to annealed state. 302 and 304

stainless steels have a very low magnetic susceptibility in the annealed state, which is
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advantageous when the catheter assembly is lefi in place on a patient during & magnetic
resonance ynaging (MRI) procedure,

{00216] Figure 64 illustrates the catheter hub 814 and Figare 65 illustrates 2 valve actuator
844 of the catheter hub &14 prior to operation. Specifically, the catheter hub 814 includes an
wner diameter 8135, as well as gn undercut 812, The inner diameteor 815 is larger than the
undercut 813. The undercot 813 is used to secure a spring 8§36, as further described below.
IB0RL7] The catheter hub 814 also includes a septum 838, The septum 838 s secured via
an interference fit to the inner diameter 815 of the catheter hub £14 to ensure proper
operation of the septum 338, The septum 838 contacts an inner wall of the catheter hub 814
for proper positioning. The sepium 838 passes the undercut 813 when assembled from 2
proximal end of the catheter hub 814,

{D0218] The valve actuator 844 is configured to penetrate the septum 838 during operation
of the catheter assembly 810, The spring 856 is compressed when the valve actastor 844
peneirates the septum 838, Subsequently, the spring 856 retracts the valve actuator 844 after
piercing the septum §38. The spring 856 includes center cotls 857 and two or more end coils
858. The end coils 858 have a greater outer diameter than the conter coils 857,

IB0219] Tesis show that the material of the metal wedge 834 doss not cause magnetic
problems during MRI procedures, but this is not necessarily the case for the spring 456,
Either 302 or 304 stainless siee] is the conventional material used for springs because of its
higher carbon content and ease of manufacturability, However, the catheter assemb %
including the spring composed of 302 or 304 stainless steel has very high magnetic properties
when bardened to the level that a spring requires. Specifically, the metal of the spring must
be cold worked (o spring teraper in order to have the higher shear strength, which
consequentially makes the metal more magnetically susceptible.

{O02207 Accordingly, springs composed of 302 or 304 stainless siee! in the catheter
assembly may not be compatible for use during magnetic resonance imaging (MR
procedures, This is because the maguets of an MRI device can cause susceptible metals in
the catheter assembly o pull, twist and heat up. As 8 result, a catheter assembly with springs
composed of 302 or 304 stainess steef should e removed from the patient prior to MRI

procedures,
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{00221] 316 stainless steel is not commonly used a5 a spring material because of its low
strength, high cost and difficulty in processing. However, 316 stainless stesl is the preforred
material for the spring 836 and advantageously improves in strength as the temper of the
material changes. In this embodiment, the tomper of 316 stainless steel is increased to satisfy
an ASTM F138-08 material strength standard for stainless steel surgical implant devices,
Preferably, the strength requirement for the spring 856 exceeds what is specified in ASTM
Fi38.

IB0222] As the temper of 316 stainless steel increases, the magnetic attraction also
increases. However, the magnetic properties of 316 stainless sioel are less than 302 or 304
stainiess steel because of the lower carbon content. Specifically, the composition of the 316
series stainless steel or their equivalents, especially the chromium and nicke! content and the
ratio of Cr/INi content in these alloys, helps the austenite phase remain stable through the cold
working process and resist ransformation to martensite. The low carbon content of an L
grade 316 stainless steel also aids in alloy stability. Thus, when 316 stainless stee! achieves
spring temper, the spring 856 in the catheter assembly 810 is compatible for use during MRI
procedures,

[O0223] In particular, the spring 856 is advantageously made of 316 stainless sieel that is
cold worked to a spring temper. Other preferred materials of the spring 856 include 3161
stainless steel, 316 LYM stainless stee] (bave wire with no nickel coating having a 240ksi
i tensile strength), titanium, beryllium, copper, magnesium and magnesium ailoys
such as Bligtloy. Alternatively, or in addition, the spring §56 is plated with a diamagoetic
material, such as palladium, to reach the desired magnetic permeability. The spring 856 can
be magnetically susceptible but plated with a diamagnetic material to substantially cancel out
the overall magnetism of the material. Thus, the diamagnetic material can help achieve a
zers net attraction force of the metal.

100224} These material and process selections allow the spring 856 in the catheter
ssserably 810 to achieve a magnetic relative permesbility that is less than 2.0 and preferably
fess than 1.1, The magnetic relative permesbility is 3 dimensionless value that is corpmonly
understood by one of ordinary skill in the art. The material and associated précess:ing

selection for the spring 856 advantageously allows the catheter assembly 810 to remain
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attached to the patient during MRI procedures. In other words, the correct allovs and tempers
of metals are used in the catheter agsembly 810 to keep magnetic susceptibility low encugh
50 that there is no compatibility concermn with the catheter assembly 810 during MRI
procedures.

i002358] During sssembly, one of the end coils 858 of the spring §56 travels past the
undercut 813 and 15 sngpped into place, Specifically, the end coil €5¢ is movably capturad
between the septum 838 and the undercut 813, The end cotls 858 of the spring 836
advantagenusly do not bave to be disposed at a precise location, The ouler diameter of the
end coils €58 is greater than the dismeter of the underont 313 to movably retain the spring
856. Thus, the spring 36 and catheter hub 814 advaniageously prevent the inadvertent
removal of the valve actuator 344, Also, the improved assembly advantageousty causes less
variation to the function of the catheter assembly 814,

Q02267 An cuter diameter of the center coils 857 is smaller than the dinmeter of the
undercut 813, This advantageously prevents inferference and allows the spring 856 to move
axially in the catheter hub 814 by a limited smount, until a Luer connector is atiached.
IG0227] A clearance fit is present between the nner diameter 815 of the catheter hub 814
and the outer diameter of the end coils 858 of the spring §36. A clegrance §t advantageously
facilitates assembly and operation of the spring 8§56, Specifically, once the end coils 858 pass
the undercut 813 doring assembly, the spring 856 is properly located. The other end coil 858
is imwnovably fixed 1o the valve actuator 844, Thus, the spring 356 and the valve achuator
844 can axially move “or float” (within limits} inside the catheter hub 814 when no Luer
connector is present. The actuator does not contact the inner diameter 815 of the catheter hub
§14,

{O0228] When an inferference it is present between the spring and the nner diameter of
the catheter hub as deseribed in the embodiment of Figures 3-8, # can be difficult io place the
spring in the correct position. Specifically, it can be difficult to set the exact position of the
spring because of the length of the inner diameter in the catheter hub. Also, the shoulder that
the septam rests on is desp mside the length of the inner diameter of the catheter hub,
{0022%9] Morcover, an interference £ requires very fight tolerances on the outer diameter

of the spring, as well as the inver dismeter of the catheter hub. If the interference fit is too
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severe, the life of the spring may be compromised. If the imerface between the spring and
the mnner diameter of the catheter bub becomes loose, then the spring and the valve achuator
may be inadvertently removed,
002307 The tuterference fit can also present problems in operation because the septum
may moeve with the spring during retraction. This is because the interference fit between the
spring and the inner diameter of the catheler hub may create a jam where the septum moves
with the spring, The high forces in an inierference fit can overcome the frictional forces of
the septum and cause the septum o move with the spring. Additionally, the interference fit
can cause undue pressure on the valve actuator 844 during retraction, Also, if the spring 836
is compressed too far distally such that the septum 838 is compressed, an interference fit may
not allow the septum 838 1o retract or relax. As a result, the septurn 838 may leak over time
due 0 the excessive and continuous comprassion,
[O023E] On the other hand, when a clearance fit is present between the spring 856 and the
inner diarneter 815 of the catheter bub 814, the spring 856 can move axially when no Lusr
connector is present and can apply prossurs to 2 proximal face of the septum 838 only when a
Luer connector is inserted. Thus, the combination of the clearance fit and the undercut 813
advantageously improves the operation, the abilily o posttion the spring 856, and the
manufacturability of the catheter assernbly. .
I0232] According to another embodiment, as iflustrated in FIGS. 66-68, a valve actuator
900 with a single-stepped distal tip inchudes a side opening 902, a distal end 904, a distal end
opening 93, a step 906, radii 908, and an outer diameter 910, The openings 902, 905
provide for fluid thushing aud flow through the valve actuator 900 when engaged 1o 2 sepium
in & catheter hub, The openings 902, 908 operate in a similar manner described above in
previcus embodiments,
I0O0233] The step 904 is disposed between the distal end 904 and the outer diameter 910 of
the valve actuator 800, Since the valve actuator 900 is injection molded, no sharp edges are
formed on its outer surface. Instead, radit %08 are disposed on either end surface of the step
906. Specifically, a vadius %08 is disposed at the interface of the step 906 and the distal end
904, as well 95 at the interface between the step 906 and the outer diameter 10, The step
906 at the distal end 904 of the valve actuator 300 replaces the taper at the distal end of the
- 4
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valve actuators of previous cmnbodiments, The radii 908 advantageously allow for case of
manulacturability during injection molding,

002347 FIGS. 60-71 ilhustrate a valve actuator 950 with a double-steppad distal tip
according to another embodiment. In this embodiment, the valve actuaior 930 includes an
opening 952, a distal end 954, a distal end opening 955, radii 958, and au outer diameter 960
in a sumilar manner as desoribed in the embodiment of TIGS. 66-68. However, the valve
actuator 95 has two steps 936 hetween the outer diameter 960 and the distal end 954, The
two steps 956 have two different diameters with appropriste radit 958 on cach ond surface.
Likewise, the radii 908 advantageously allow for ease of manufzcturability during injection
molding.

{O0238] The foregoing detailed description of the certain exemplary embodiments has
been provided for the purpose of explaining the principles of the invention and its practical
application, thereby enabling others skilled in the art to understand the invention for various
embodiments and with various modifications as are suited to the particular use contemplated.
This description is not necessarily intended to be exhaustive or to limit the invention to the
precise embodimenis disclosed. Apy of the embodiments and/or elements disclosed herein
may be combined with one another to form various additions! embodiments not specifically
disclosed. Acoordingly, additional embodiments are possible and are intended to be
encompassed within this specification and the scope of the invention. The specification
desoribes specific examples o accomplish a more general goal that may be sceomplished in
another way,

{00236] As used in this application, the terms “front,” “rear,” “upper,” “lower,”
“upwardly,” “downwardly,” and other orientational descriptors are intended to facilitate the
description of the exemplary embodiments of the present invention, and are not intended to
Himit the structure of the exemplary embodiments of the present invention to any particular
position or orientation. Terms of degree, such as “substantially” or “approximately” are
understood by those of ordinary skill to refer (o reasonable ranges outside of the given value,
for example, general tolerances associated with manufacturing, assenubly, and use of the

described entbodiments.

SUBSTITUTE SHEET (RULE 26)



CLAIMS

A valve actuator that moves in a catheter assembly between a first position where a
valve is closed and a second position where the valve is open, the valve actuator
comprising:

a shaft portion at a distal end of the valve actuator that is configured to pierce the
valve;

a mating portion at a proximal end of the valve actuator that is configured to engage a
Luer device;

a diameter reduction region that connects the shaft portion and the mating portion;
and

a plurality of windows each having an axial length substantially parallel to a
centerline of the valve actuator and a transverse width substantially perpendicular to
the axial length, the plurality of windows extending through the valve actuator for
flushing fluid, the plurality of windows being disposed in the diameter reduction
region, wherein

each of the plurality of windows does not extend a full length of the diameter
reduction region; and

the axial length is less than the transverse width.

The valve actuator of claim 1, wherein the plurality of windows extends to the axial
length of approximately half of the length of the diameter reduction region from a

proximal end of the diameter reduction region.

The valve actuator of claim 1, wherein the plurality of windows extends to the axial
length of approximately a third of the length of the diameter reduction region from a

proximal end of the diameter reduction region.

The valve actuator of claim 1, wherein the plurality of windows extends to the axial

length of approximately 0.0125 inches.

The valve actuator of claim 1, further comprising
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10.

one or more openings that extends through the valve actuator, wherein

the one or more openings is disposed in the shaft portion.

A valve actuator that moves in a catheter assembly between a first position where a
valve is closed and a second position where the valve is open, the valve actuator
comprising:

a shaft portion at a distal end of the valve actuator that is configured to pierce the
valve;

a mating portion at a proximal end of the valve actuator that is configured to engage a
Luer device;

a diameter reduction region that connects the shaft portion and the mating portion;
and

a plurality of windows each having an axial length substantially parallel to a
centerline of the valve actuator and a transverse width substantially perpendicular to
the axial length, the plurality of windows extending through the valve actuator for
flushing fluid, wherein

the plurality of windows is disposed outside the diameter reduction region; and

the axial length is less than the transverse width.

The valve actuator of claim 6, wherein the plurality of windows is adjacent to a

proximal end of the diameter reduction region.

The valve actuator of claim 6, wherein the plurality of windows extends to the axial

length of approximately 0.0125 inches.

The valve actuator of claim 6, wherein
the valve actuator further includes one or more openings that extends through the
valve actuator, and

the openings are disposed in the shaft portion.

A catheter assembly comprising:

a catheter;
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a needle having a sharp distal tip disposed within the catheter;

a catheter hub connected to the catheter having the needle passing therethrough, the
catheter hub including:

a valve that selectively permits or blocks a flow of fluid through the catheter;

a valve actuator that moves between a first position and a second position; and

a return member that returns the valve actuator from the second position to the first
position; and

a needle protection member that encloses the sharp distal tip of the needle, wherein
the valve actuator includes a diameter reduction region having a plurality of windows,
wherein

each of the plurality of windows has an axial length substantially parallel to a
centerline of the valve actuator and a transverse width substantially perpendicular to
the axial length,

the plurality of windows does not extend a full length of the diameter reduction
region, and

the axial length is less than the transverse width.

A catheter assembly comprising:
a catheter;
a needle having a sharp distal tip disposed within the catheter;
a catheter hub connected to the catheter having the needle passing therethrough, the
catheter hub including:
a valve that selectively permits or blocks a flow of fluid through the catheter;
a valve actuator that moves between a first position and a second position;
a return member that returns the valve actuator from the second position to the first
position; and
a needle protection member that encloses the sharp distal tip of the needle, wherein
the valve actuator includes

a diameter reduction region, and

a plurality of windows having an axial length substantially parallel to a
centerline of the valve actuator and a transverse width substantially perpendicular to

the axial length, the plurality of windows extending through the valve actuator for
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flushing fluid, the plurality of windows being disposed outside the diameter reduction
region, wherein

the axial length is less than the transverse width.

The valve actuator of claim 1, wherein the shaft portion at the distal end of the valve

actuator includes a step.
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