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CATHETER ASSEMBLY

CROSS-REFERENCE

[QQO1}]  This application clairos the benefit of U.S. Patent Application Serial No.
15/827,967, filed on November 30, 2017, which is incorporated herein by reference in its
entirety. Related subject matter is disclosed in commonly assigned U.S. Patent Application
Serial No. 15/664,827, filed on July 31, 2017 and also incorporated herein by reference in ifs

entirety, of which the present application is a continuation~-in-part for the United States.

FIELD

[0002] Various exemplary embodiments of the invention relate to needie protection

and needle retraction in catheter assemblies.

BACKGROUND

0003 Typical catheter assernblies incorporate one of two types of needie protection
mechanisms. An active system is a needle protection mechanism that requires a separate user
action to nitiate needle protection, such as depression of an activation button to activate
automatic and instantancous needle retraction into a barrel assembly. This action can take
place after the needle is withdrawn from a skin of a patient and from the catheter,

Alternately, depression of the activation bution can take place befure the needle is withdrawn
from the skin of the patient for safely reasons, to reduce blood splaiter and/or contamination,
On the other hand, a passive system is a needle protection mechanism that avtomatically
protects the needie when a user manually retracts the needle from the catheter, typically using
a spring clip and withou! requiting a separate user action. In other words, the needle is
immediately protecied when it is withdrawn from a skin of a patient and from the catheter,
fO0D04] Various disadvaniages arise in each of the needle protection mechanisms.
Specifically, in active systems, the user may neglect fo depress the activation button or fail 1o
perform the secondary user action to protect the needle. For example, when the activation
button is not depressed, the used needle tip that is covered in blood is undesirably exposed

from the body of a patient. In passive systems, the spring clip includes undesirable sharp
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edges, blood is exposed on the needle and the spring clip, and the spring clip can be manually
manipulated to exposs the distal tip of the neede afler it is covered.

[GO05] Additionally, blood contro} catheter assernblies have space requirements that
invoke unique and creative design solutions to meet functional requirements within the

restricted boundary.

SUMMARY OF THE INVENTION

[OB0S] It is an aspect of the present invention to provide a blood control catheter
assembly where a spring clip is selectively engaged to a septum actuator during operation.
Specifically, the spring clip includes flexible arms that are configured to enclose a distal end
of the needie and simoltanecusly engage and disengage openings (flushing windows) in the
septum actuator. The flexible arms include a cutout portion that allows the spring clip to
engage and disengage with the openings of the septum actuator with minimal interference
and improved compaciness to meet size constraints. Alternately, the flexible arms can be
narrow enough o allow the spring olip to engage and disengage with the openings of the
septumn actuator in g similar manner as described above. The spring clip is advaniageously
not engaged and does not contact the catheter adapter.

[B0OOT] It is another aspect of the present invention to provide a blood control catheter
assembly that incorporates both an active and passive system in a blood control catheter
assembly. Such a catheter asserbly remedies the disadvantages above and improves needie
protection and needle retraction. Specifically, the needle tip is enclosed by a spring clip and
the needle is retracted into the barvel asserably. In this manner, if the user forgets o press the
activation bution, the distal tip is already protected by the spring clip. When the activation
button is depressed, the needle and the spring clip refract into the barrel assembly, thereby
protecting the user from all hazards. Alternately, the needle and spring clip is retracted from
the blood control catheter assembly manually by a user. Accordingly, the catheter assembly
advantageously prevents needle re-exposure and reduces blood exposure.

{O008] The foregoing and/or other aspects of the present invention can be achieved by
providing a catheter assernbly including a catheter carried by a catheter adapter, a needle
having a sharp distal tip and disposed in the catheter such that in a first needle position, the

needle extending bevond the catheter, a septum actuator having openings, the septum actuator

.
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disposed in the catheter adapter and configured o plerce a septum and a spring clp disposad

in the seplum achuador and engages the openings in the first nesdle position.

{0009]  Additional and/or other aspects and advantages of the present invention will be set
forth in the description that follows, or will be apparent from the description, or may be
lzarned by practice of the invention.

BRIEF DESCRIFTION OF THE DRAWINGS

[O010] 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:

{0011] Figure 1 illustrates a side view of a first exemplary embodiment of a catheter
assembly in a first needle position;

{0013}  Figure 2 llustrates a cross section view of the catheter assembly of Figure 1
moving toward a second needle position;

[OOI3]  Figure 3 illustrates a cross section view of a catheter adapter of Figure 2;

{0034] Figure 4 ilustrates a partial cross section view of a barrel assembly of Figure 2;
{0018} Figure § illusirates a partial cross section view of a needle hub in the barrel
assembly of Figure 4;

{GO16] Figure 6 illustrates a side view of the catheter assembly of Figure 1 in 3 second
needle position;

[BQ17}]  Figure 7 illustrates a partial cross section view of the catheter assembly of Figure
1 moving toward a third needle position;

[0018] Figure 8 illustrates a partial cross section view of the barrel assembly of Figure 1
in the third needle position;

{0018] Figure 9 illustrates a partial cross section view of a spring clip in the barrel
assembly of Figure §;

[O020]  Figure 10 illustrates a partial cross section view of a second exemplary
embodiment of a catheter assembly moving toward a second needle position;

[O0231] Figure 11 illustrates a partial cross section view of a catheter adapter of Figure 10;
[O022]  Figure 12 Hllustrates a transparent perspective view of a spring clip and a clip
housiag of Figure 11 moving toward a second needle position;

[0023] Figure 13 tHustrates a partial cross section view of a barrel assembly of Figure 18;

NSN
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00324]  Figure 14 illostrates a partial cross seetion view of a needie hub in the barrel
assembly of Figure 13;

FO028]  Figure 15 Hlustrates a transparent perspective view of the spring clip and the clip
housing of Figure 10 in the second needle position;

[O026] Figure 16 illustrates a top section view of the spring clip, clip housing and barrel
assembly of Figure 10 in the second needie position;

[OO27TT  TFigure 17 illustrates a ransparent cross section view of the spring olip, clip
housing and the barrel asserably of Figure 10 i the second needle position;

[O028]  Figure 18 ilustrates a transparent cross section view of the spring clip, clip
housing and the barrel assembly of Figure 10 in 8 third needle position;

fO0298]  Figure 19 illustrates a partial cross section view of the barrel assembly of Figure
10 in the third needle position;

00301 Figure 20 iHustrates a cross section view of a third exemplary embodiment of a
barrel assembly with a needic hub in 2 starling position;

{O031] Figure 21 illustrates a cross section view of the barrel assembly of Figure 26 with
the needle hub in an intermediate position;

Q033 Figure 22 illustrates a cross section view of the barrel assembly of Figure 20 with
the needle hub in an end position;

{B033]  Figure 23 illustrates a cross section view of a fifth exemplary embodiment of 8
blood control catheter assembly moving from a first needle position to a second needie
position;

[0034] Figure 24 iHustrates a cross section view of the blood control catheter assembly of
Figure 23 with a barrel assembly;

[OO38]  Figure 25 illustrates a cross section view of the blood control catheter assembly of
Figure 23 in the second needle position;

fO036]  Figure 26 illustrates a cross section view of the blood contrel catheter assembly of
Figure 23 in a third needle position;

IGO3T]  Figure 27 ilhustrates a perspective view of a sephum actuator of the blood control
catheter assernbly of Figure 23;

[O038]  Figure 28 ilustrates a perspective view of a spring clip commonly used in a blood

controf catheter assembly of the prior art;
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{0038]  Figure 29 illustrates 2 top perspective view of a spring ¢lip in the blood control
catheter assembly of Figure 23;

[O044]  Figure 30 illustrates a side perspective view of the spring clip in the blood control
catheter assembly of Figure 23;

{00413} Figure 31 illustrates a perspective view of a septum in the blood control catheter
assembly of Figure 23; and

FO042]  Figure 32 illustrales g ransparent perspective view of & spring chp and spring
housing in 2 sixth exemplary embodiment of the blood control catheter assembly moving

from a first needle position to a second needle position.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0043] Figures 19 illustrate a first exemplary embodiment of a catheter assembly 10,
Figure 1 illustrates the cathotor assembly 10 in a first needle position ready for operation.
According 1o one embodiment, the catheter assembly 10 includes 8 hollow introducer needle
20 having a sharp distal tip 24 for insertion in 8 skin of a patient. The needle 20 is disposed
in a flexible catheter 30. The catheter 30 is used for medication delivery during use of the
catheter assembly 10, In the first needle position, the sharp distal tip 24 of the needle 20
extends beyond the catheter 30 for insertion,

(00441  According to one embodiment, the catheter 30 and the needle 20 are carried or
swrrounded by a catheter adapter 32, Figure 2 illustrates the needle 20 moving fom the first
needle position toward a second needle position after the user has placed the catheter 30 in
the body of the patient and removed the needle 20 from the patient.

[0048] Figure 3 illustrates, according to one smbodiment, the catheter adapter 32 when
the needle 20 is pulled back and approaching the second needle position. The catheter
adapter 32 inchudes a retention feature 34 comprising a protrusion. The retention feature 34
retains a metal spring olip 40 when the spring clip 40 is in an open position as illustrated.
Operation of the spring clip 40 is further described below.

{O046]  The spring chip 40 is disposed in the catheter adapter 32 and cooperates with the
needie 20 by selectively enclosing and locking the sharp distal tip 24 of the nesdle 20,
Componenis and operation of the spring clip 40 are generally disclosed in U.B, Patent No.

£,616,630, which is hereby incorporsted by reference in its entirety.
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[O047]  Specifically, according to one embodiment, the spring clip 40 includes an opening
42 where the needle 20 passes through. One or more flexible arms 44 of the spring clip 40,
preferably two flexible arms 44, engage and bias the needle 20 in the open position prior fo
the needle entering the second needle position, The Hexable arms 44 apply a spring foree to
two sides of the needle 20. In the first needle posttion and prior to the second needle
position, the spring clip 40 is open to allow the needle 20 to pass through.

JOO48] At the distal end of the flexible arms 44 include distal walls 30, The distal walls
30 are angled walls have lips 52 at one end which contact the needie 20, The lips 52 are
folded nward portions of distal walls 50 of the spring clip 48

[0049]  The spring clip 40 further includes a rear wall 46. The rear wall 46 is
substantially perpendicular to a longitudinal axis of the needle 20 and connects the two
flexible arms 44 1o cach other. The rear wall 46 also includes the opening 42 as deseribed
above. The rear wall 46 preferably includes a tapered ouler surface 48. In another
embodiment, the tapered outer surface 48 comprises a radius or a charafer. As further
described below, the tapered cuter surface 48 advantageousty provides guided movement of
the spring clip 40 into a handle 71 and a barrel 72.

fO0B0]  Figures 4 and 5 illustrate the barrel agsembly 70, According to one embodiment,
the barrel assembly 70 includes the handle 71 {also referred to as a grip) and the barrel 72
{alse referred o as barrel housing). The handle 71 includes an inner diameter 74 and a
tapered Inner surface 76 at a distal end of the handle 71, In another embodiment, the tapered
inner surface 76 comprises a radius or a chamfer. In another embodiment, the tapered inner
surface 76 connects and provides a transition betwesn an outer surface of the handle 71 and
an tnner surface of the handle 71, A distal end of the barrel 72 is connected to a proximal end
of the handle 71 during opergtion.

OOSI]  In this embodiment, the catheter assembly 10 includes both the tapered inner
surface 76 at the distal end of the handle 71 and the tapered outer surface 48 of the spring clip
40, In an alternate embodiment, the catheter gssembly 10 includes only the tapered inner
surface 76 at the distal end of the handle 71, Likewise, in an aliernate embodiment, the
catheter assembly 10 includes only the tapered ouler surface 48 of the spring clip 40, In
another embodiment, the catheter assembly 10 does not include either of the tapered inner
surface 76 at the disial end of the handle 71 or the tapered outer surface 48 of the spring clip
40,

~ G~
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FOO82]  The tapered nner surface 76 s configured to cooperale with the tapered outer
surface 48 of the spring clip 40 to advamiageously engage and guide the spring clip 40 into
the handle 71 and the barrel 72, Also, the tapered outer surface 48 advantageously engages
the tapered inner surface 76 1o center the spring clip 40 with respect to the handle 71 and the
barrel 72. The handle 71 and the barrel 72 houses the compounents of the barrel assembly 70
as further described below.

JO083]  The barrel assembly 70 further includes a needle hub B0, The needle hub 80 is
fixed to the needie 20 and moves within the handle 71 and the barrel 72, Specifically, the
needle hub 80 is fixed adjacent to a proximal end of the needle 20, As iHustrated in Figure 1,
the needle hub 8¢ is connected 1o the catheter adapter 32 when the needle 20 is in the first
needie position. Movement of the needle hub 80 causes the needle to retract from the second
needie position to a third peedle position as described below,

0084 The handle 71 and the barrel 72 also interacts with an activation button 78 to
engage and release the needie hub 80 and a spring 82, Specifically, the spring 82 is disposed
about the needle 20 and extending between the needie hub 80 and the proximal end of the
barrel 72. The activation button 78 contacts the needle hub &0 while the spring 82 is
compressed. When the activation button 78 is depressed, the nesdle hub 80 no longer
contacts the activation buiton 78 and the spring 82 is subsequently released to move the
needle hub 80 through the handle 71 and toward 3 proximal end of the barrel 72. That is, the
activation button 78 is movably mounted adjacent {o the distal end of the barrel 72 and
adapted for selective sugagement with the needie hub 80 to hold the needle hub 80 adjacent
to the distal end of the barrel 72 against the bias of the spring 82, In the first needle position,
the needle 20 cxtends bevond the distal end of the handle 71 and the barrel 72 and through
the catheter 30 with the catheter bub 32 adjacent io the distal end of the barrel 72. Operation
of the activation bution 78 is described 1o ULS. Patent Nos. 3,501,675 and 3,797,888, whick
arg hereby incorporated by reference in their entirety. Further description of the operation is
provided below.

[O08B]  According to one embodiment, Figure 6 illustrates the catheter assembly 18 in the
second needle position. In this position, the sharp distal tip 24 of the needle 20 is disposed in
the spring clip 40 and shiclded from an external environment. The user moving the needie 20

from the first needie position to the second needle position corresponds o & passive sysiem.

I“IA‘7N



WO 2019/108336 PCT/US2018/058437

This is because the needle 20 is removed from the skin of the patient and the spring clip 40
protects the needle 20 in the same manual operation.

[BO56]  Asillustrated in Figure 7, the spring clip 40 is in a closed position where the two
flexible arms 44 bias against cach other to enclose the sharp distal tip 24 of the nesdle 20. In
another words, the distal walls 50 and the lips 52 overlap each other to close the spring clip
44 in a closed position. Specifically, the lip 532 of one flexible arm 44 contacts the distal wall
56 of the other flexible amm 44, The two flexible arms 44 of the spring clip 49 no longer bias
the nesdle 20, Accordingly, the flexible arms 44 close the distal end of the spring clip 40 1o
prevent the needle 20 from exiting.

[OO8T]  The needie 20 also includes a needle deformation 22 that provides the needle 20
with a local diameter that is larger than the diameter of the opening 42 in the spring clip 40.
The needle deformation 22 prevents the needle 20 from exiting the spring clip 40 at its
proximal end. Other mesns of retaining the sharp distal tip 24 inside the spring clip 40
inchudes the spring clip engaging a plate or 8 notch in the needle as described in LS. Patent
Ne. 4,932,207, which is hereby incorporated by reference in s entirety.

{0O88] When the spring clip 40 is disposed in the closed position, the spring clip 40 o
ionger engages the retention feature 34 of the catheter adapter 32, Thus, as illustrated in
Figure 6, the spring clip 40 is no longer retained in the catheter adapler 32 and is now able to
be removed from the catheter adapter 32,

[QOB8]  Figure 8 illustrates, according to one embodiment, the barrel assembly 70 when
the catheter assembly 10 is in the third needle position.  As desceribed above, when the
activation button 78 is depressed, the spring 82 and the needle hub 80 are released and
retracted to the proximal end of the barrel 72. That is, the activation bution 78 triggers
operational moversent of the needle 20, the spring olip 40 and the needle hub 8l to be
enclosed in the barrel 72, During this movement, the tapered inner surface 76 of the nner
diameter 74 of the handle 71 cooperates with the tapered outer surface 48 of the spring clip
40 to advantageously engage and guide the spring clip 40 into the handle 71 and the bagrel
72. Also, the tapered outer surface 48 engages the tapered fnver surface 76 {0 advantageously
center the spring colip 40 with respect to the handle 71 and the barrel 72.

fOO60]  Movement from the second needle position to the third needle position
corresponds to an active system. This is because & secondary step subsequent 1o the mitial

withdrawal of the veedle 20 from the skin of the patient takes place. Specifically, in this
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secondary siep, the user depresses the activation button 78 causing the needle 20 {o
autormatically retract via 3 spring force from the spring 82. Thus, in this third needle pcsitién,
the sharp distal tip 24 and the spring clip 40 are safely enclosed in the barrel 72,

[6061] According to one embodiment, if the catheter 30 is inserted into the skin of a
patient and the activation button 78 is depressed, the needle 20 and the needle hub B are
immediately withdrawn inio the barrel assembly 70. Under this scenario, the tip shielding of
the second needie position automatically takes place. This movement corresponds to the
passive system.

[062]  Typically, in the prior art, spring clips are not retracted into a barrel. Either spring
clips are used to cover a sharp distal tip of a needie or 8 nesdle without a spring clip is
retracted into the barrel, The catheter assembly 16 disclosed herein advantageously combines
an active and a passive system {0 ensure increased safety to the user and reduces blood
exposure and splatter. The catheter assembly 10 bmproves operation by providing the tapered
inner surface 76 of the inner diameter 74 of the handle 71 {0 cooperate with the tapered outer
surface 48 of the spring clip 40,

[GO063]  Figures 10-19 illusirate 8 second exemplary embodiment of a catheter assembly
118, The cathetor assembly 110 is 3 modified version of the catheter assembly 10 described
above with the following differences. Figure 10 iflustrates the catheter assembly 110 when
the user removes a needle 120 from a distal end of a catheter 130 and positions a sharp distal
tip 124 of the needle 120 into a catheter adapter 132,

[GO064] Figure 11 illustrates, according to one embodiment, the needle 120 inside the
catheter adapter 132, As similarly described in the previous embodiment, a spring clip 140
selectively opens and closes to expose and enclose the sharp distal tp 124 of the needie 124,
The spring clip 146 inclodes an opening 142 for the needle 120 to travel through. The spring
clip 140 also includes a curved portion 134, distal walls 150 and lips 152 to enclose the sharp
distal tip 124, The curved portion 154 is configured so that Hexible arms 144 appropriately
flex between open and ¢losed positions of the spring clip 140. Additionally, the spring clip
149 includes a rear wall 146 and a tapered outer surface 14¥ at a proximal end of the spring
clip 148, The catheter adapter 132 further includes a retention feature 134 that retains the
spring olip 140 via the Sexible arms 144 until the spring clip 140 is closed.

f0088]  According to one embodiment, Figures 11 and 12 also illustrate a clip housing 156

that partially surrounds the spring clip 140, Features and operation of the clip housing 156
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are similarly disclosed in U.S. Patent Application No. 15/481,1646, filed on April 6, 2017,
which iz hereby Incorporated by reference in s entirety. Specifically, the clip housing 156
advantageously covers any sharp edges iu the spring olip 148 o protect the user from
inadverient contact, The clip housing 156 also includes locking and/or engagement features
to prevent inadverient separation from the spring clip 140,

JOD66]  The flexible arms 144 of the spring clip 140 exiend outside of the clip housing
156 in the open position of the spring clip 140, The clip housing 156 of this embodiment also
advantageounsly includes a tapered outer surface 158 at a distal end of the clip housing 136,
In another embodiment, the tapered outer surface 158 comprises a radius or a chamfer. The
tapered outer surface 158 is configured to advantageously provide guided movement of the
clip housing 156 into a handle 171 and a barrel 172 as further described below and as
similarly described in the previous embodiment. Also, the tapered outer surface 158
advantageously centers the spring clip 140 with respect to the handle 171 and the barrel 172.
Accordingly, the tapered outer surface 158 of the clip housing 156 cooperates with the
tapered outer surface 148 at the rear wall 146 of the spring clip 140 to advantageously
provide smooth travel into the handle 171 and the barrel 172,

{0067 According to one embodiment, Figures 13 and 14 illusirate g barrel assembly 170,
As similarly described in the previous embodiment, the barrel assembly 170 includes the
handle 171 having an inner dameter 174, The inner diameter 174 includes a tapered inner
surface 176 disposed at a distal end of the handle 171, The tapered nner surface 176 of the
inner diameter 174 of the handle 171 cooperates with the tapered outer surface 148 of the
spring clip 140 and the tapered owter surface 138 of the clip housing 156 1o advantageously
engage and guide the spring clip 140 and the clip housing 156 inio the handle 171 and the
barrel 172, Also, the tapered ouier surface 148 of the spring clip 140 and the tapered outer
surface 158 of the clip housing 136 engage the tapered inner surface 176 to advantagsoushy
center the spring olip 144 and the clip housing 156 with respect to the handle 171 and the
barrel 172,

{00687 Assimilarly described in the previous embodiment, the barrel assembly 176
further includes an activation button 178 and a spring 182 that cooperates with a needle hub
180 for retraction. The needle 128 is fixed to the needle hub 188 s0 that the needle 120 s

retracted info the barrel 172 when the activation buotton 178 is depressed.

~ 10~



WO 2019/108336 PCT/US2018/058437

[O089]  Figore 15 illustrates, acoording to one embodiment, the spring clip 140 being
substantially disposed in the clip housing 156 and in a closed position where the needle isin a
second needle position. Specifically, the distal walls 150 are offset and the lip 152 of one of
the distal walls 156 contacts the other distal wall 156 to block the distal tip 124 of the needle
120 from exiting the clip housing 156, Also, after the spring clip 140 is in the closed
position, & distal portion of the spring elip 140 may extend beyond the clip housing 156,
[OO70]  According fo one embodiruent, Figure 16 Hlustrates a top section view and Figure
17 illustrates a cross section view of the spring clip 140 and the clip housing 156, Bothof
these figures illustrate the spring clip 140 and the clip housing 156 being retracied into the
barrel 172 from the second neadle position to a third needle position.

[OOT1]  As similarly described o the previcus embodiment, Figores 18 and 19 illustrate
the spring clip 140 and the clip housing 156 in the barrel 172, This is the third needle
position of the nesdle 129 of the catheter assembly 116,

[00T23]  Figures 20-22 illustrate 3 thivd exeroplary embodiment of a baree] assembly 270,
The barrel assembly 270 is a modified version of the barrel assembly 70, 170 described above
with the following improvements to comirol a retraction speed of a needle 229 in a handle 271
and a barrel 272,

G073} In the provious embodiments described above, when the activation button 7§, 178
is depressed, the needie hub B0, 180 is retracted into the handie 71, 171 and the barrel 72, 172
via foree from the spring 82, 182, However, the retraction speed of the needle hub 80, 180
may be high, which can cause blood to splatier during retraction. Various dawping
mechanisms have been used in the prior art including a silicone gel, bladder air vents, G-
rings, a crushable filter and spring compression nodes as described in U.S. Patent Nos.
5,375,777, 5,702,367 and 6,090,078, which are hereby incorporated by reference in their
entirety.

[0074]  According to one embodiment, the barrel assembly 270 provides a controlled
variable retraction speed of the needie 220 into the handle 271 and the barrel 272 of the
catheter assemibly. Specifically, the handle 271 includes a first inner diameter 274a, a second
inner diameter 274b and a third inner diameter 274¢. The first inner diameter 274a and the
third inner diameter 274¢ are substantially similar, Also, the sccond nner dlameter 274b is

greater than each of the first inner diameter 274a and the third inner diameter 274c,
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respectively. The three inner dlameters 274a, 274b, 274¢ are connected via inner diamester
tapers to provide a continuous changing inner diameter. '
[OOTB]  The barre] assembly 270 further inchudes a needle hub 280 that secures the needie
220, A first damping mechanism 290 is advantageously fixed to a proximal end of the needie
hub 280, In onc embodiment, the first damping mechanism 290 is a silicone washeror a
siticons disc.

076} Io operation of the catheter assembly, when the activation button 78, 178 is
depressed, an outer dismeter of the first damping mechanism 290 is in frictional contact with
the first inner diameter 274a. This is because the first inner diameter 274a is smaller than the
ouler diameter of the first damping mechanism 290, As a resol, the needle hub 280 and
needle 220 advantageously begin to move slowly into the handle 271 and the barrel 272,
[OOTTE  Asthe needle hub 280 continues to move in the handle 271 and the barrel 272, the
inner diameter increases in size to the second inner diameter 274b. The second nner
digmeter 274b is targer than the outer diameter of the first damping wechanism 280,
Accordingly, there is clearance (significantly reduced frictional contact) between the second
inner diameter 274b and the first damping meochanism 290, As a result, the needle hub 280
advantageously picks up speed and moves faster through the handle 271 and the barrel 272.
I0078]  As the needle hub 280 approaches the end of its trave] Ju the barrel 272, the inwer
diameter of the barrel 272 decreases in size to the third inner dismeter 274c. The outer
diameter of the first damping mechanism 290 is in frictional contact with the third inner
diameter 274¢. This is because the third ioner dlameter 274¢ is smaller than the outer
diameter of the first damping mechanism 298, As a result, the needle hub 280
advantageously slows down in speed as it approaches the end of travel in the barrel 272,
00791 The catheter assembly incorporsting the barrel assembly 270 of this embodiment
advantageously provides slow needle retraction at the beginning and at the end of the needie
fravel to reduce blood splatier and provide smooth movement of the needle 220 and needle
hub 280 during retraction. The changing diameters in the handle 271 and the barre] 272
advantageousty provide a speed damping protile to control the speed of the needle refraction
at various positions.

[OO80]  The spesd damping profile can be adjusted based on the desired retraction speed
of the needle 22{ and the needle hub 280, According to one embodiment, the thivd fnner

diameter 274¢ is smaller than the first inner diameter 274a to advantageously provide a
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stower retraction speed at the ond of travel compared to at the beginning of travel. According
o another embodiment, the first inner dismeter 2742 is smaller than the thivd inner diamester
274¢ 1o advantageously provide a slower retraction speed at the beginning of travel compared
1o at the end of travel, According to one embodiment, the second inner diameter 274b is
substantially similar to the first and third inner diameters 274a, 274¢ to advantageously
provide a slow retraction speed of the needle 220 and needie hub 280 throughout travel in the
handle 271 and the barrel 273,

0081 According to one embodiment, the width of cach of the inner diameters 274a,
274b, 274¢ are varied to adjust the speed damping profile. Specifically, the width of the
inmer diameters 274a, 274b, 274¢ advantageously control an amount of tme for retraction at
gach portion of the handle 271 and the barrel 272 as the needle 220 and the needie hub 280
iravel through the handle 271 and the barrel 272, The amount of friction between the nner
diameters 274a, 274b, 274 and the first damping mechanism 280 (how much interference is
present), as well as the strength of the spring 82, 182 also advantageously controls the
amount of time for retraction at each portion of the handle 271 and the barrel 272.

0821 A fourth exemplary embodiment of a catheter assembly is a modified version of
the barrel assembly 270 described above with the following differences. Specifically, the
handie 271 and the barrel 272 include a first and second inner diameter 274a, 274b as
similarly described above. The barrel assembly 270 also includes a first damping mechanism
280 being fixed at a proximal end of a8 nesdie hub 280. The barrel assembly 278 further
includes a second damping mechanism 291, The first damping mechanisim 294 is a silicons
washer as similarly described above and the second damping mechanism 291 is a silicone
gel. The silicone gel 291is applied at a proximal end of the spring 82, 182 prior {o retraction.
Figures 4, 5, 13, 14, 17-19 illustrate an exemplary access bole 292 that is provided in the
handle 71, 171 for the user to supply the silicone gel 291,

[OO83)  In operation of the catheter assembly with the barrel assembly 270 of this
embodiment, when the activation button 78, 178 is depressed, an owter diameier of the first
dampiog mechanisma 290 is in frictional contact with the first inner diameter 274a. This is
because the first inner diameter 274a is smaller than the outer diameter of the first damping
mechanism 29¢. As a result, the needle hob 280 and needle 220 advantageousty begin to

move slowly into the handle 271 and the barrel 272 during retraction.
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[G084]  As the peedle hub 289 continues to move in the handle 271 and the barrel 272, the
inner diameter of the bandle 271 and the barrel 272 inereases to the second inner dismeter
274b, The second inner digmeter 274b is larger than the outer diameter of the first damping
mechanism 290, Accordingly, there is significantly less frictional contact between the second
fnner dismeter 274b and the first damping mechanism 290, As a resulf, the needie hub 280
advantageously picks up speed snd moves faster through the handle 271 and the barrel 272
during retraction,

FOO8E]  As the needle hub 280 approaches the end of its travel in the barrel 272, the spring
82, 182 advantageously begins o move through the applied silicone gel of the second
damping mechanizsm 291, The silicone gel of the second damping mechanism 291 resisis the
extension of the spring 82, 182 to advantageously slow the retraction of the needle 220 and
the needie hub 280, Accordingly, the combination of the first and seeond damping
mechanisms 290, 291 advaniageously provides a similar speed damping profile during needle
retraction as the third embodiment described above,

[OOB6] This configuration advantageously reduces the manufacturing complexities of
more than iwo conirolled inner dlameters in the handle 271 and the barrel 272, Also, the
combination of the sificone washer 290 and the silicone gel 291 advantagenusly provide
simifar damping characteristics while reducing blood splatter and provides smooth movement
of the seedie 220 and the needle hub 280 during retraction,

fOO87]  According to one embodiment, the silicone gel of the second damping mechanism
291 iz applied to the distal end of the spring 82, 182, as well as the proximal end of the inner
diameter of the handle 271, In this manuer, the silicone gel 291 19 in contact with the spring
82, 182 in the compressed state, as well as when the spring 82, 182 moves to Hs exiended
state. Accordingly, the silicone gel 291 resists the exiension of springs 82, 182 while
contacting the needle hub 280 to slow its movement throughout travel. Applying silicone gel
281 in this manner advantageously allows coils of the springs 82, 182 toexpand onc at a
time, mstead of all at once.

fO088]  Such a configuration advantageously improves the accuracy of the speed damping
profile during needle retraction, particularly st the beginning of travel by slowly pormitting
the initial movement of the needle hub 280 after initial activation. This configuration also
advantageously avoids the use of a silicone washer 290, which is susceptible 1o providing

excessive friction upon activation. Under this scenario, the frictional force is greater than the
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spring force and thus, the needle 220 does not retract and remains in an unsafe condition.
Accordingly, the silicone gel 291 advantageously provides a strong sokhution for the initial,
activation phase.

FO089]  According to one embodiment, the silicone gel 291 is provided to the distal end of
the spring 82, 182 in the compressed state and the silicone washer 290 is fixed to the
proximal end of the needle hub 280, The silicone washer 290 only signiticantly contacts the
inner diameter of the barrel 272 near the end of travel {0 provide a significant frictionsl force.
in this manner, the silicone gel 291 advantageously provides a strong solution for the initial,
activation phase, as similarly described above, while the silicone washer 290 provides g
better slow/spesd reduction solution at the end of travel. Using the silicone washer 290 at the
end of travel insiead of silicone gel 291 advantageously avoids the needle bub 288 from
stmply “crashing” into a pile of silicons gel 291 at the end and provides betier speed
reduction.

[0080]  In another embodiment, the silicone washer as the first damping mechanism 290
is disposed at the proximal end of the needle hub 280 and the silicone gel 8s the second
damping mechanism 291 is disposed at the proximal end of the inner diameter of the barrel
272, The silicone washer interacts with the inner diameter of the handle 271 and the barre]
272 to conirol initial reiraction of the needle hub 280 as similarly deseribed above. The
siticone gel at the proximal end of the inner diameter of the barrel 272 contscts the needie
hub 280 10 slow the end of wavel in the barrel 272, Such s configuration advantageously
provides another way to control the speed damping profile during needle retraction.

[0091]  In another embodiment, the silicone gel as the second damping mechanism 291 is
disposed at the proximal end of the needle hub 280, applied to the spring 82, 182 and
disposed at the proximal end of the inner diameter of the barrel 272. The silicons gel at the
proximal end of the needle hub 280 contacts the inner diameter of the handle 271 to slow the
retraction speed. A similar effect happens with the silicone gel 281 at the proximal end of the
inner diameter of the barrel 272 as the needie hob 280 approaches the end of ravel in the
barrel 272. However, at the proximal end of the ner diameter of the barrel 272, the spring
also mixes with the residual silicone gel from the proximal end of the needie hub 280 1o
provide further damping of the retraction speed.

[G023]  In this manver, the silicone gel 291 advantageously slows retraction of the needle

bub 280G at the end to obtain a smoother deceleration and stoppage of the needle hub 280 in
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the retracted position. Such a configuration advantageously provides another way to control
the speed damping profile during needie retraction while only using silicone gel. In another
embodiment, access holes 292 are advantagecusly provided near any one of the proximal end
of the spring 82, 182, the proximal end of the needle hub 280 in the first needle position and
the proximal end of the mer dismeter of the handle 271 and the barrel 272, In this manver,
sificone gel 291 can be gasily and accurately applied by the user at the desired locations
described in the embodiments above.

[0083]  Figures 23-26 illustrate 8 {ifth exemplary embodiment of a catheter assernbly 310
The catheter assembly 310 of this embodiment is a blood conirol catheter assembly that uses
many of the features described in the embodiments above, Specifically, the catheter
assembly 310 includes 2 catheter 330, a catheter adapter 332 and a retention feature 334, as
well as a neadle 324, 3 needle deformation 322 and a sharp distal tip 324 in a similar manner
as described sbove.

[0094] A mating portion 364 is disposed at a proximal end of the catheter adapter 332,
The mating portion 364 permits Hoid flow and recelves or engages or abuts an end of a Luer
connector or device (not shown}. The mating portion 364 preferably allows fhid o be
exchanged between the Luer connsctor and the catheter 330 during engagement,

[GO8B]  The mating portion 364 advantageously inchudes a Luer engagement surface of at
feast 7.5mm in length, Such a configuration satisfies the recently updated ISO 394 standard,
which is now IS0 80369-7, entitled Small-Bore Connector Standard. This now ISO standard
controls size and variation of all small-bore connectors to reduce misconnection between the
various standard sub-types, thus avoiding ingcourate Luer connections in the design of the
catheter adapter 332, Accordingly, satisfying the new requirements of IS0 80369-7 invokes
a greater need to optimize space and to develop a compact design of the catheter assembly
316

[0086]  The catheter assombly 310 inchudes a septum 314 that regalates the flow of floid.
As best illustrated in Figure 31, the septum 314 has one or more pre-formed openings or slits
designed to selectively prevent unwanied fluid flow throvgh the septum 314, Three
intersecting slis forming three flaps open when engaged by & septum actuator 360, as
described in detail below,

[O0BT] The septim 314 shown in Figure 31 may be used in any of the embodiments

discussed hersin. Other septum configurations may be used as would be understood by one
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of ordinary skill in the art. The septum 314 is made of an elastic material to form the valve,
for example silicone rubber, Other elastic materials may be wsed and nov-slastic materials
may be incorporated in the sepium 314 as needed.

[OG9B}  The catheter assembly 318 further includes the septum actuator 360 as best
illustrated in Figore 27, Septum actuators 360 similar to that of Figure 27 may be used in any
of the embodiments described herein. The septum sctustor 360 is positioned in the catheter
adapter 332 and is axially moveable in the catheter adapter 332 to engage {open the slits of}
and disengage (close the shts of) the septum 314, The septum actuator 360 is preferably
made in one piece from a rigid or semi-rigid raterial, for example a rigid polymer material or
a metal.

[8098] The septum actuator 360 includes an internal passage 362a that spans a full length
of the sepium actiwtor 360, The septom actuator 360 is a substantially tubular member and
the internal passage 362a is substantially cylindrical to provide a hollow passage in the
septum actuator 360 so that fluid can be exchanged through the septum 314 when the septum
314 is opened and/or penetrated by the septum actuator 360, The internal passage 362a is in
fluid communication with the distal opening 362b disposed st the distal end of the sepium
actuator 360,

001080} One or move openings 362¢ are disposed at various positions betwesn the
proximal and distal ends of the septum actoator 360, The openings 362¢ of the septum
actuator 360 are similarly deseribed in ULS. Patent Mo. 9,101,746, which is herehy
incorporated by reference in its entirety. These openings 367¢ act as flushing windows o
provide fluld exchange and flushing in and through the septum aciuator 360, EBach of'the
openings 362¢ has a width larger than a width of the flexible arms 344 as further desoribed
below. The openings 362¢ extend through the septum actuator 360 in a direction
substantially perpendicular to a centerline of the internal passage 362a. The openings 362¢
are in fluid communication with the internal passage 362a o permit fuid flow through and
around the septum actuator 360,

JODI01] The openings 362c advantageousty provide increased area for the fluid to move
inside the catheter adapter 332 of the catheter assernbly 310, The increased area
advantageously allows for fluid flushing and to prevent coagulation of fluid in the proximal

and distal ends of the septum 314, as well as in the proximal and distal ends of the catheter
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adapter 332, As a resuli, the openings 362c advantageously minimize the stagnation of fhad
and allow for greater mixing.

[00102] Finally, the openings 362¢ also advantageously and simultancously allow
engagerment by a spring clip 340 as described below. Soch an engagement betwesn the
spring clip 340 and the septum actuator 360 advantageously optimizes space and provides a
compact design of the catheter assembly 310. A shorter length of the catheter assembly 310
normally creates reduced flushing performance. However, the smbodiments of the catheter
assembly 310 advantageously use the openings 362¢ of the septum actuator 360 in a dual
manner of fhuid flushing and interlocking with the spring olip 340 to achicve size benefits
while maintaining optimal performance,

GG103] The septum actuator 364 also inchides a flange 366 that engages the retention
feature 334 in the catheter adapter 332, Specifically, an outer dismeler of the flange 366 is
{arger than an inner diameter of the retention feature 334, Accordingly, the retention feature
334 restrains the septum actuator 360 in the catheter adapter 332 so that the septum actuator
360 and the spring clip 340 are not inadvertently displaced or removed.

[O0104] Afler the catheter 330 is placed into the skin of the patient, the catheter assombly
318 can be accessed and/or used either once or multiple thues by a practitioner. In the former
case, the septom actuator 360 revnains engaged with the septum 314 after the Luer connecior
is removed. In the latter case, the septum actoator 360 is configured to move between a first
actuator position and a second actuator position. In the first actuator position, the septum
actaator 360 pierces the seplurn 314 and establishes fluld communication with the catheter
330 and the proximal end of the catheter adapter 332, In the second achuator position, the
septum actuator 360 no longer picrees the septum 314 prohibiting fluid communication
between the catheter 330 and the proximal end of the catheter adapter 332.

IGGIOB] The seplum actuator 360 can rove from the first actuator position o the second
actugtor position in g variety of ways. In one embodiment, a return mernber such as a spring
{not shown} engages an inner diameter of the catheter adapier 332 and an outer diameter of
the sepinm actuador 366, The spring is compressed when the septum actuator 3560 moves into
the first actuator position. Afler use, as further described below, spring force from the spring
causes the septum actuator 366 to move from the first actuator position o the second actuator

position.
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[00108] In ancther embodiment, the elasticity of the septum 314 does not allow the septum
actuator 360 to fully pierce the septum 314 in the first actuator position. Rather, the septum
114 is partially plerced by the septum actuator 360, Accordingly, after use, as further
described below, the clasticity of the septum 314 provides a force that moves the septum
actuator 360 to the second actuator position.

JOBINT] The catheter asserably 310 further includes the spring clip 349 disposed in the
septumn actuator 360, The spring clip 340 includes many of the features described above such
gs an opening 342, flexible arms 344, a rear wall 346, a tapered ower surface 348, distal walls
350 and a Hp 352, Figure 28 iliustrates a spring clip 440 known in the prior art, while
Figures 29 and 3¢ iHustrate the exemplary spring clip 340 in this embodiment of the catheter
assembly 310, Fonther information about the spring clip 440 of the prior art as Hustrated in
Figure 28 is disclosed in U.8. Patent No. 8,337,463, which is hereby incorporated by
reference in its entivety.

FOOL08] The flexible arms 344 in the spring olip 340 illustrated in Figures 29 and 36
include a proximal arm portion 3452 and a distal arm portion 345b. The proximal arm
portion 3435a is wider than the distal arm portion 345b to advantageously provide the
necassary flexibility and spring force during operation. The distal arm portion 343b includes
a cutout having a curvature or section that is narrower than a remaining section of the distal
armn portion 343b. This cutont in the distal arm portion 345b is not present in the spring clip
440 of the privr arf as illustrated in Figure 28,

fORI09] Figures 29 and 30 also illustrate the distal walls 350 of the Hexible arms 344 of
the spring cip 340 to each include a top wall portion 351a and a bottom wall portion 351b.
The top wall portion 351a is narrower than the bottom wall portion 351b. Specifically, the
top wall portion 351a includes a cutout having 2 curvature or section, similarly to the distal
arm portion 345b. Again, similar to the distal arm portion 345b, the cutout in the fop wall
portion 351a is not present in the spring clip 446 of the prior art as illustrated in Figure 28.
[O0110] The cutouts in the distal arm portion 345b and the top wall portion 351a meet at
the highest section of the spring clip 340, The highest section of the spring clip 340 exiends
into and out of the openings 362c of the septum acthuator 360 during operation. These cutouts
are advaniageously provided so that the flexible arms 344 can engage and disengage the
openings 362¢ of the septum actustor 360 during operation while minimizing or eliminating

contact with the openings 362¢. Specifically, a width of the cutouts is advantageously
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smaller than a width of the openings 362¢ of the septum actuator 360 to allow proper
operation,

00111} Accordingly, no unnecessary friction is produced, the life of the spring clip 340 is
optimized, and the spring clip 349 can operate without interference. Also, the spring clip 340
does directly contact or engage the catheter adapter 332 to advantageously optimize space
and provide a compact design of the catheter assembly 318, Finally, the openings 362¢ of the
septumm actuator 360 are advantageously used in a dual manner of fluid flushing and
interlocking with the spring clip 340 to achieve s compact design while maintaining opilimal
performance.

[00112] Inanother embodiment (not ikustrated), the Hexible arms of the spring clip are
narrower than the flexible arms 344 of the spring clip 340 described above. The spring clip is
narrow enough {0 engage and disengage the openings 362¢ of the septum actuator 360 ina
similar manner as described above. Specifically, the narrower flexible arms replace the
cutouts in the distal arm portion 345b and the top wall pertion 351a of the spring clip 340 to
achieve the same benefits and advantages as described above.

{03113} In =z first needle position as similarly deseribed in previous embodiments, the
flexible arms 344 of the spring clip 340 are biased on the needle 320, In this embodiment,
the flexible arms 344 protrude into or engage the openings 362¢ of the septum actuator 360,
This engagement prevents removal of the spring clip 340 from the septum actuator 360,
[00114] In s sccond needle position as similarly deseribed in previous embodiments, the
flexible arms 344 of the spring clip 340 enclose the distal tip 324 of the needie 326, The
spring olip 340 protocts the distal tip 324 from further use or inadverient contact, In this
cmbodiment, the flexible arms 344 retract from and disengage the openings 362¢ of the
septum actuator 3603, This disenpagemaent allows for the removal of the spring olip 340 fom
the sephum actuator 360,

[O0118] Accordingly, due to the disengagement described above, the spring clip 340 and
the nesedle 320 can move frowm the second needie position 1o a third needle position. The third
needle position separaie and removes the spring clip 340 and the needle 320 from the catheter
adapter 332 of the catheter assermbly 310. Moving between the first, second and third needie
positions can occur either manually or automatically as further deseribed below,

[0OL16] Varlous alternative designs of the spring olip 340 are contemplated in this

application, although not llustrated. For example, the spring clip 340 can be made of plastic,
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metal or a combination of both, A resilient band can be disposed arcund the spring clip 340
10 assist in closing the spring clip 340 and enclesing the distal end of the needle 320,
Examples of aliernative spring clips are those described in U.S. Patent Application
Publication Nes. 2012/0136311, 2013/0030391, 2013/0184645, 2013/0178800,
2034/0121604 and 2017/6043135, which are hereby incorporated by reference in their
entirety. Any of these alternative spring clips can be modified to operste similarly to the
spring clip 340 in the catheter assembly 310 disclosed herein,

FO0L17] Figure 24 also illustrates a barrel assembly 370 optionally connected to the
catheter assembly 310. The barrel assembly 370 includes 4 grip 371, an activation button 378
and a spring 382, as well as other features described above. The barre] assembly 370
provides automatic withdrawal of the needle 320 when moving from the first needle position
to the second needle position and fnally to the third needle position.  In another embodiment
of the catheter assembly 3180, 8 barrel assembly is not present. Rather, the needle 320 is
manusily moved from the first needle position to the seeond needle position and ultimately to
the third needle position by 8 user.

[O0L 18] Figure 32 iilostrates a sixth exemplary embodiment of the catheter assembly 310
where the spring clip 340 is enclosed by 2 spring housing 336 in a similar manner as
described above. The spring clip 340 and the spring housing 356 are disposed in the septum
actuator 368 in the first and second needle positions of the catheter assembly 310
Subsequently, the spring chip 344, the spring housing 356 and the needle 320 are removed
from the septum actuator 360 of the catheter assembly 310 in the third needle position.
[BG11%8] The operation of the catheter assembly 310 s described below. The catheter 330
and the needle 320 are inserted into 8 veln of 8 pstient in the first catheter assembly position.
When the needle 320 and catheter 330 are securely disposed, the activation button 378 is
depressed. Upon depression of the activation button 378§, an inner needie hub and the spring
382 are disengaged from a wall (not ilhustrated in Figure 24 but ilhustrated in previous
embodiments) of the activation button 378, The needle 320 then refracts into the catheter
adapter 332 via spring force from the spring 382, In another embodiment, when the needie
320 and catheter 330 are securely disposed, the needle 320 is withdrawn by a user manually
and without the use of the barrel assembly 370.

FR0120] As the needle 320 retracts into the catheter adapter 332, either manually by the

user or sutomatically via the barrel assembly 370, the distal tip 324 of the needie 320 no
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longer pierces the sepium 314 as illustrated in Figore 23, Accordingly, the septum 314 forms
a Huid-tight seal and selectively prohibits fluid exchange to or from the catheter 330, In other
words, the septum 314 selectively permits or blocks the flow of fluid through the catheter 336
hased on whether the septum 314 is plerced by the septuw actuator 360,

FG0121] The needle 320 subsequently enters into the second needle position as iHustrated
in Figure 25 where the distal tip 324 of the needle 320 is enclosed by the spring clp 340, As
described above, the flexible arms 344 of the spring clip 340 are biased by the needle 320 in
the first needle position. When the needle 320 enters into the second needle position, the lips
352 of the spring clip 340 are no longer biased on the needie 320 and instead contact each
other to enclose and shield the distal tip 324 of the needic 320, As described above, the
neadle 320 enters into the second needle position sither manually by the user or automatically
using the barre] assembly 370

{00123} In the scoond needle position, the flexible arms 344 also disengage from the
openings 362¢ of the septum actuator 360, Specifically, the highest portion of the spring clip
340 where the cutouls in the distal amm portion 345b and the top wall portion 3513 meet no
longer protrudes from the openings 362¢ of the septum actuator 360, This discngagement
allows the needle 320 and the spring clip 340 to be removed from the catheter adapter 332 as
described below.

[B0123] New, the needle 320 moves o the third needle position. When the catheter
assembly 310 is cooperating with the barrel assembly 370 as illustrated in Figure 24, the
spring 382 surrounding the inner needie hub Is released by the activation buiton 378 as
described above, This causes the inner needie hub to travel 1o the proximal, opposite end of
the barrel assembly 370 (not tustrated in Figure 24 but illustrated in previous embodimenis).
Thus, the needle 320 is now in a retracted, third needls position, where the complete needle
324 (including its sharp distal tip} and the spring clip 340 are retained in the outer housing of
the barrel asserably 370, The nner needle hub holding the needle 320 is retained in the outer
housing of the barrel assembly 370 via the force exerted by the spring 382, Accordingly, the
combination of the inner needle hub, the ouler housing and the spring 382 is an exemplary
neadle protection member to enclose the needle 320,

{00124 Alternately, as illustrated in Figure 26, the needle 320 can move to the third
needie position manually by the user. Specifically, since the spring clip 340 is now

disengaged from the septum actuator 360, the user can manually pull the needle 320 out of
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the catheter assembly 310, The needle deformation 322 in the needle 320 causes the spring
clip 340 to be removed with the needie 320 in a similar manner described above,

fO0128] Atter initial use of the needle 320, further use of the catheler assembly 310 is
described as follows., When the catheter 330 is initially inserted into g patient, the needle 320
is removed and the septum 314 prevents blood from flowing out of the proximal end of the
catheter adapter 332. As a male Luer connector is inserted in the catheter adapter 332, the
end of the Luer connector sbuts the septum actuator 360, Further movement of the Luer
connector moves the septum actuator 360 into the first actuator position axially toward and
engages the septum 314, As the septum 314 is pierced {partially or fully), the disial end of
the septum actuator 360 separaies one or more of the slits to engage and open the sepium 314,
After the septum 314 is opened by the sephum actuator 360, fluid is permitied to flow from
the Luer connector, through internal passages 362a, the distal opening 362b and the openings
362¢ of the septum actuator 360, and ultimately into the catheter 330 or vice versa.

[01236] When the Luer connector is removed, the septum actuator 360 disengages the
septum 314 via the elastic force from the septum 314 {or spring force as described above) and
returns 10 the second actuator position. The soptum actuator 360 is restrained from moving
beyond the second actustor position doe 1o the engagement between the flange 366 of the
septum actuator 360 and the retention feature 334 in the catheter adapter 332,

IO0ER7] Alternately, the septum actuator 360 remains engaged to the septumn 314 when the
Luer connector is removed. Subseguently, the catheter assembly 310 is discarded afier use.
[G0128] The foregoing detatled 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 undersiand the invention for various
embodiments and with various modifications as are suited to the particular use conternplated.
This description is not necessarily intended to be exhaustive or to Himit the invention to the
precise embodiments disclosed. Any of the embodiments and/or elements disclosed herein
may be combined with one another 1o form varions additional embodiments not specifically
disclosed, as long as they do not contradict each other. Accordingly, additional embodiments
are possible and are intended to be encompassed within this specification and the scope of the
invention. The specification describes specific examples to accomplish a more general goal

that may be accomplished in another way.
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01297 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
it the structure of the exemplary embodiments of the present invention fo any particular
position or orientation. Terms of degree, such as “substantially” or “approximately”, are
undersiood by those of ordinary skill to refer to reasopable ranges ouiside of the given value,
for example, general tolerances associated with manufacturing, sssembly, and use of the

deseribed embodimenis.
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