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CATHETER ASSEMBLY

{0001} This application claims the benefit under 35 US.C. 8119%) ot UK.
Monprovisional Patent Application Serial No. 15/664,827, filed on huly 31, 2017, which is

incorporated by reference in its entirety.
FIELD

{0002] Various exemplary embodiments of the invention relate o needle protection

and veedle retraction in catheter assemblies.

BACKGROUND

{0003] Typical catheter assemblics incorporate one of two types of needie protection
mechanisms. An active system is a needle protection mechanism that requires a separate user
action to mitiate needle protection, such as depression of an activation button to activate
automatic and instantancous needle rotraction into a barrel assembly. This action would take
place afler the needle 1s withdrawn from a skin of a patient and from the catheter. On the
other hand, a passive system s a needle protection mechanism that automatically protects the
needie when a user manually retracts the needle from the catheter, typically using a spring
clip and without requiting a separate user action. In other words, the needle is tnmediately
protected when it 18 withdrawn from a skin of a patient and from the catheter.

{0004] Various disadvantages arise in each of the needle protection mechanisms.
Specifically, in active systems, the user may neglect to depress the activation button or fail to
perform the secondary user action to protect the needie. For example, when the activation
bution 1s not depressed, the used needle tip that 1s covered in blood is undesirably exposed
from the body of a patient. In passive systems, the spring clip includes undesirable sharp
edges, blood is exposed on the needle and the spring clip, and the spring clip can be manually
manipulated to cxpose the distal tip of the needle after it 1s covered.

{0005] There are also various means of damping the speed of needie retraction nto
the barre] assembly of the catheter assembly. Some damping mechanisms inchude a silicone
gel, an O-ning and a silicone washer. However, these damping mechanisms are not always

able to adequately control the retraction speed of the needle.
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SUMMARY OF THE INVENTION

[G006] It 15 an aspect of the present invention to provide a catheter assembly that
ncorporates both an active and passive svstem in a negdle protection mechanism. Such a
catheter assembly remedies the disadvantages above and improves needle protection and
needle retraction. Specifically, the necdle tip 1s enclosed by a spring clip and the needle is
retracted mito the barrel assembly. In this manner, 1f the user forgets to press the activation
button, the distal tip 1s already protected by the spring clip. When the activation button is
depressed, the needle and the spring ¢hip retract into the barrel assembly, thereby protecting
the user trom all hazards. Accordingly, the catheter assembly advantageously prevents
needle re-exposure and reduces blood exposure.

[O007] Itis another aspect of the present invention to provide a controlled variable
retraction speed of the needle into the barrel assembly of the catheter assembly. Sucha
catheter assembly advantageously provides slow needle retraction at the beginning and at the
end of the needle travel to reduce blood splatter and provide smooth movement of the needle
during retraction. A speed damping profile is advantageously used to control the speed of the
needle retraction.

[0008] The foregoing and/or other aspects of the present invention can be achieved by
providing a catheter assembly 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 needle hub fixed adjacent to a proximal end of the
needle, a clip disposed n the catheter adapter and cooperating with the needle, and a barrel
assembly inchuding an mner diameter, wherein when the needle is in a second needle
position, the clip encloses the distal tip of the needle, and when the needle moves 1o a third
needle position, the clip and the needle 1s disposed m the inner diameter of the barrel
assembly.

[0009]  The foregoing and/or other aspects of the present invention can also be achieved
by a clip in a catheter assembly, the clip ncluding one or more flexible arms that are

configared to open and close the clip by buasing a needle in an open position and enclosing a
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distal tip of the needle in a closed position, an opening for the needle to pass through, one or
more distal walls having a lip, the lip biasing the necdlc in the open position and the distal
wall and the lip blocking the needle to close the ¢hip m a closed position, and a rear wall
connecting the one or more flexible arms, wherein the rear wall mcludes a tapered outer

surface that is configured to guide movement of the clip into a barrel assembly.

{0010} The foregoing and/or other aspects of the present invention can additionally be
achieved by a barrel assembly in a catheter assembly, the barrel assembly mcluding a barrel
and a handle each having an inner diameter, a needle hub fixed to a needle, a spring disposed
between the needle hub and the barrel. and an activation button configured to engage and
disengage the necdle hub, wherein the inner diameter of the handle includes a tapered inner
surface that is configured to guide movement of a clip mto the handle and the barre! when the

activation button is depressed.

{0011} The foregoing and/or other aspects of the present invention can further be
achieved by providing a catheter assembly mcluding a catheter carnied by a catheter adapier,
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 needle hub fixed adjacent to a proximal
end of the needle and fixed to a damping mechanism, a clip being disposed m the catheter
adapter, the chip cooperating with the needle, and a barrel assembly surrcunding the needie
hub, the barrel assembly including first, second and third inner diameters, wherein when the
needle is in a second needle position, the clip encloses the distal tip of the needle, and when
the needle moves to a third needle posttion, the needle is retracted into the barrel assembly
via spring force from a spring, friction between the damping mechanism and the first inner
diameter slows initial movement of the needle hub in the barrel assembly, clearance between
the damping mechanism and the second inner diameter provides faster movement of the
needle hub in the barrel assembly, and frnction between the damping mechanism and the third
inner diameter slows movement of the needle hub to a resting position at a proximal end of

the barrel assembly,

{0012] The foregoing and/or cther aspects of the present invention can also be achieved

by providing a catheter assembly mcluding a catheter carried by a catheter adapter, a needle
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having a sharp distal tip and disposed in the catheter such that in a first needle position, the
needle extending beyond the catheter, a needle hub fixed adjacent to a proximal end of the
needle and fixed to a first damping mechanism, a chip being disposed in the catheter adapter,
the clip cooperating with the needle, a barre! assembiy surrounding the needle hub, the barrel
assembly inchuding first and second inner diameters, a spring disposed between the barrel
assembly and the needle hub, and a second damping mechanism disposed at a proximal end
of the spring, wherein when the needle is in a second needle position, the clip encloses the
distal tip of the needle, and when the needle moves to a third needle position, the needie 1s
retracted into the barrel assembly via spring foree from the spring, friction between the
second damping mechanism and the spring slows mitial movement of the needle hub in the
barrel assembly, clearance between the first damping mechanism and the first inner diameter
provides faster movement of the needle hub in the barrel assembly, and engagement of the
first damping mechanism and the second mner diamcter slows movement of the needle hub to

a resting position at a proximal end of the barrel asscrably.

{0013] The foregoing and/or other aspects of the present invention can additionally be
achieved by providing a catheter assembly including a catheter carried by a catheter adapter,
a needle having a sharp distal tip and disposed in the catheter, a needle bub fixed adjacent to
a proximal end of the needle, a proximal end of the needle hub being fixed to a damping
mechanism, a clip disposed in the catheter adapter, the clip cooperating with the needle, and a
barrel assembly surrounding the needle hub, a proximal end of an inner surface of the barrel
assembly ncluding the damping mechanism, whercin when the needle is in a second needle
position, the clip encloses the distal tip of the needle, and when the needle moves 1o a third
needle position, the needle 1s retracted into the barrel assembly via spring force from a spring,
and the damping mechanism and the spring slow mitial movement of the needle hub in the
barrei assembly, and when the needle hub approaches an end of travel, the damping
mechanism and the spring slow movement of the needle hub to a resting position at a

proximal end of the barrel assembly.

[0014] Finally, the foregoing and/or other aspects of the present invention can be

achieved by providing a method for shielding and enclosing a needle of a catheter assembly,
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the method comprising removing a needle from a skin of a patient, the needle being fixed to a
needle hub, pulling back the needle, via the needle hub, into a catheter and a catheter adapter
from a first needle position to a second needle position, shielding, via a passive system, a
distal tip of the needie using a clip, the needle being in the second needle position, and
operating an active system, to move the necdle, the clip and the needle hub from the second
needle position to a third needle position where the needle, the clip and the needle hub are

enclosed m a barrel assembly.

{0018] Additional and/or other aspects and advantages of the present invention will be set
forth in the deseription that follows, or will be apparent from the description, or may be

leamed by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

{0016} The above aspects and features of the present invention will be more apparent
from the description for the exemplary embodimenis of the present invention taken with
reference to the accompanying drawings, in which:

{0017] Figure | illustrates a side view of a first exemplary embodiment of a catheter
asserbly in a first needle position;

[0018] Figure 2 illustrates a cross section view of the catheter assembly of Figure |
moving toward a second needie position;

{0018] Figure 3 illustrates a cross section view of a catheter adapter of Figure 2;
{0020] Figure 4 illustrates a partial cross section view of a barrel assembly of Figure 2;
{0021] Figure 5 illustrates a partial cross section view of a needle hub in the barrel
assembly of Figure 4;

[0022] Figurce 6 Ulustrates a side view of the catheter assembly of Figure 1 in a second
needle position;

{0023] Figure 7 illustrates a partial cross section view of the catheter assembly of Figure
1 moving toward a third needle position;

{0024] Figurce 8 illustrates a partial cross section view of the barrel assembly of Figure 1

in the third needle position;
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[00258] Figure 9 illustrates a partial cross section view of a spring clip in the barrel
assembly of Figure §;

[0026] Figure 10 illustrates a partial cross section view of a second exemplary
embodiment of a catheter assembly moving toward a second needle position;

{0027} Figure 11 illustrates a partial cross section view of a catheter adapter of Figure 10;
{0028 Figure 12 1llustrates a transparent perspective view of a spring clip and a clip
housing of Figure 11 moving toward a seccond needle position;

{0029] Figure 13 illustrates a partial cross section view of a barrel assembly of Figure 10;
{0030] Figure 14 illustrates a partial cross section view of a necdle bub in the barrel
assembly of Figure 13;

{00311 Figure 15 illustrates a transparent perspective view of the spring clip and the clip
housing of Figure 10 in the second needle position;

[0032] Figure 16 illustrates a top section view of the spring clip, clip housing and barrel
asscrbly of Figure 10 in the second needle position;

{0033} Figure 17 illustrates a transparent cross section view of the spring clip, chip
housing and the barrel assembly of Figure 10 in the second needle position;

{0034] Figure 18 illustrates a transparent cross section view of the spring clip, clip
housing and the barrel assembly of Figure 10 1n a third needle position;

[00358] Figure 19 illustrates a partial cross section view of the barrel assembly of Figure
10 n the third needle position;

[0036] Figure 20 illustrates a cross section view of a third exemplary embodiment of a
barrel assembly with a necdle hub in a starting position;

{0037] Figure 21 1llustrates a cross section view of the barrel assembly of Figure 20 with
the needie hub in an intermediate position; and

{0038] Figure 22 illustrates a cross section view of the barrel assembly of Figure 20 with

the needie hub in an end position,

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

{0039] Figures 1-9 dlustrate a first exemplary embodiment of a catheter assembly 10,

Figure 1 ilustrates the catheter assembly 10 in a first needle position ready for operation.
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According to one embodiment, the catheter assembly 10 includes a hollow introducer needle
20 having a sharp distal tip 24 for insertion in a skin of a patient. The needle 20 is disposed
in a flexable 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.

{0040] According to one embodiment, the catheter 30 and the needle 20 are carried or
surrounded by a catheter adapter 32, Figure 2 illustrates the needle 20 moving from the first
needle position toward a second needle position after the user has placed the catheter 30 1n
the body of the patient and removed the needle 20 from the patient.

{0041] Figure 3 illustrates, according to one embodiment, the catheter adapter 32 when
the needle 20 15 pulled back and approaching the sccond needle position. The catheter
adapter 32 includes a retention feature 34 comprising a protrusion. The retention feature 34
retains a spring clip 40 when the spring clip 40 15 in an open position as illustrated.
Operation of the spring clip 40 is further described below.

{0042] The spring clip 40 is disposed m the catheter adapter 32 and cooperates with the
needle 20 by sclectively enclosing and locking the sharp distal tip 24 of the needle 20.
Components and operation of the spring clip 40 arc generally disclosed in U.S. Patent No.
6,616,630, which is hereby incorporated by reference.

{0043] Specifically, according to one embodiment, the spring clip 40 includes an opening
42 where the needie 20 passes through. One or more flexible arms 44 of the spring clip 40,
preferably two flexable arms 44, engage and bias the needle 20 in the open position prior to
the needle entering the second needle position. The flexible anms 44 apply a spring force to
two sides of the needle 20, In the first needle position and prior to the second needle
position, the spring clip 40 is open to allow the needle 20 to pass through.

{0044] At the distal end of the flexible amms 44 include distal walls 50, The distal walls
50 are angled walls have lips 52 at onc end which contact the needle 20. The lips 52 are
folded inward portions of distal walls 50 of the spring chip 40.

{0048] The spring clip 40 further includes a rear wall 46, The rear wall 4615
substantially perpendicular to a longitudinal axis of the needle 20 and connects the two

Hlexible arms 44 to cach other. The rear wall 46 also includes the opening 42 as described
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above. The rear wall 46 preferably includes a tapered outer surface 48. In another
embodiment, the tapered outer surface 48 comprises a radius or a chamfer. As further
described below, the tapered outer surface 48 advantageously provides guided movement of
the spring clip 40 mto a handle 71 and a barrel 72.

{0046] Figures 4 and S illustrate the barrel assembly 70, According to one embodiment,
the barrel assembly 70 mclades the handle 71 {also referred to as 8 grip} and the barrel 72
(also referred to as a barre! housing). The bandle 71 includes an inner diameter 74 and a
tapered inner surface 76 at a distal end of the handie 71, In another embodiment, the tapered
mner surface 76 comprises a radius or a chamfer. In another embodiment, the tapered nner
surface 76 connects and provides a fransition between an outer surface of the handle 71 and
an mner surface of the handle 71, A distal end of the barrel 72 is connected to a proximal end
ot the handle 71 during operation.

{0047] In this embodiment, the catheter assembly 10 includes both the tapered inner
surface 76 at the distal end of the handie 71 and the tapered cuter surface 48 of the spring clip
40. In an altiemate embodiment, the catheter asserably 10 includes only the tapered nner
surface 76 at the distal end of the handle 71. Likewise, m an alternate erobodiment, the
catheter assembly 10 inclades only the tapered outer surface 48 of the spring clip 40, In
another embodiment, the catheter asserably 10 does not inclade either of the tapered inner
surface 76 at the distal end of the handle 71 or the tapered outer surface 48 of the spring clip
40

{0048] The tapered inner surface 76 is configured to cooperate with the tapered outer
surface 48 of the spring clip 40 to advantageouslty 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 mmner surface 76 to center the spring clip 40 with respect to the handle 71 and the
barrel 72. The handle 71 and the barrel 72 houses the components of the barrel assembly 70
as further described below,

{0048] The barrel assembly 70 further includes a needle hub 80. The needle hub 80 1s
fixed to the needle 20 and moves within the handle 71 and the barrel 72, Specifically, the
needie hub 80 is fixed adjacent to a proximal end of the needle 20, As illustrated 1o Figure 1,

the needle hub 80 is connected to the catheter adapter 32 when the needlc 20 is in the first
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needle position. Movement of the needle hub 80 causes the needle to retract from the second
needle position to a third needle position as described below.

[00B0] The handle 71 and the barrel 72 also interacts with an activation button 78 to
engage and release the needle hub 30 and a spring 82. Specifically, the spring 82 is disposed
about the needle 20 and extending between the needle hub 80 and the proximal end of the
barrel 72. The activation button 78 contacts the needie hub 80 while the spring 82 is
compressed. When the activation button 78 1s depressed, the needle hub 80 no longer
contacts the activation button 78 and the spring 82 1s subsequently released to move the
needle hub 80 through the handle 71 and toward a proximal end of the barrel 72. That is, the
activation button 78 is movably mounted adiacent to the distal end of the barrel 72 and
adapted for selective engagement 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 sprng 82, In the first needle position,
the needie 20 extends beyond the distal end of the handle 71 and the barrel 72 and through
the catheter 30 with the catheter hab 32 adjacent to the distal end of the barrel 72. Operation
of the activation button 78 1s descnibed in ULS. Patent Nos. 5,501,675 and 5,797,880, which
are hereby incorporated by refergnce. Further description of the operation is provided below.
{0051] According to one embodiment, Figure 6 llustrates the catheter assembly 10 in the
second needle posttion. In this position, the sharp distal tip 24 of the needle 20 1s disposed in
the spring clip 40 and shielded from an external environment. The user moving the needle 20
from the first needle position to the second needle position corresponds to a passive system.
This is because the needle 20 1s removed from the skin of the patient and the spring clip 40
protects the needie 20 m the same manual operation.

{0052]  Asdlustrated in Figure 7, the spring clip 40 1s in a closed position where the two
flexible arms 44 bias against each other to enclose the sharp distal tip 24 of the needle 20. In
another words, the distal walls 50 and the lips 52 overlap each other to close the spring clip
40 in a closed position. Specifically, the lip 52 of one flexible arm 44 contacts the distal wall
50 of the other flexible arm 44, The two flexable arms 44 ot the spring clip 40 no longer bias
the ngedle 20. Accordingly, the flexible arms 44 close the distal end of the spring clip 40 to

prevent the needle 20 from exiting.
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[0083] The needle 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 #s
proximal end. Other means of retaining the sharp distal tip 24 nside the spring clip 40
includes the spring clip engaging a plate or a notch in the needle as deseribed i UK. Patent
No. 4,952 207, which is hereby incorporated by reference.

[0054] When the spring clip 40 1s disposed in the closed posttion, the spring clip 40 no
longer engages the retention feature 34 of the catheter adapter 32, Thus, as dlustrated in
Figure 6, the spring clip 40 is no longer retained in the catheter adapter 32 and s now able o
be removed from the catheter adapter 32.

[O0B8] Figure 8 illustrates, according to one embodiment, the barrel assembly 70 when
the catheter asserably 10 15 in the third needle position. As described above, when the
activation button 78 1s 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 button 78 triggers
operational movement of the needle 20, the spring clip 40 and the needle hub 80 to be
enclosed in the barrel 72, During this movement, the tapered inner surface 76 of the inner
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 handie 71 and the barmel
72. Also, the tapered outer surface 48 engages the tapered inner surface 76 to advantageously
center the spring clip 40 with respect to the handle 71 and the barrel 72.

{0056] Movement from the second needle position to the third needie position
corresponds 1o an active systeny. This is because a secondary step subsequent to the mitial
withdrawal of the needle 20 from the skin of the patient takes place. Specifically, in this
secondary step, the user depresses the activation bution 78 causing the needle 20 to
automatically retract via a spring force from the spring 82, Thus, in this third needle position,
the sharp distal tip 24 and the spuing clip 40 arc safely enclosed in the barrel 72.

[00B7] According to one ermabodiment, if the catheter 30 is nserted mto the skinof a
paticnt and the activation bution 78 1s depressed, the needle 20 and the needle hub 80 are

immediately withdrawn into the barrel assembly 70, Under this scenarto, the tip shielding of
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the second needle position avtomatically takes place. This movement corresponds to the
passive system.

[00B8] 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 needle or a needle without a spring clip s
retracted into the barrel. The catheter assembly 10 disclosed herein advantageouslty combines
an active and a passive system to ensure increased safety to the user and reduces blood
cxposure and splatter. The catheter assembly 10 improves operation by providing the tapered
inner surface 76 of the inner diameter 74 of the handle 71 to cooperate with the tapered outer
surface 48 of the spring chip 40.

[0089] Figures 10-19 illustrate a second exemplary embodiment of a catheter assembly
110. The catheter assembly 110 is a modified version of the catheter assembly 10 described
above with the following differences. Figure 10 illustrates 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.

{0060] Figure 11 illustrates, according to one embodiment, the needle 120 nside the
catheter adapter 132, As similarly deseribed in the previous embodiment, a spring clip 140
selectively opens and closes to expose and enclose the sharp distal tip 124 of the needle 120,
The spring clip 140 ncludes an opening 142 for the needle 120 to travel through. The spring
clip 140 also ncludes a curved portion 154, distal walls 150 and lips 152 to enclose the shamp
distal tip 124. The curved portion 154 is contigured so that flexible arms 144 approprately
flex between open and closed positions of the spring clip 140. Additionally, the spring chip
140 includes a rear wall 146 and a tapered outer surface 148 at a proximal end of the spring
clip 140. The catheter adapter 132 further includes a retention feature 134 that retains the
spring clip 140 via the flexible arms 144 antil the spring clip 140 13 closed.

{00611 According to one embodiment, Figures 11 and 12 also iltustrate a clip housing 136
that partially surrounds the spring chip 140, Features and operation of the clip housing 156
are similarly disclosed in U5, Patent Application No. 15/481,166 filed on Apnl 6, 2017,
which 1s hereby incorporated by reference. Specifically, the clip housing 156 advantageously

covers any sharp edges in the spring clip 140 to protect the user from inadvertent contact.
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The clip housing 156 also inclades locking and/or engagement features to prevent inadvertent
separation from the spring clip 140

[0062] The flexible arms 144 of the spring clip 140 extend outside of the clip housing
156 n the open posttion of the spring clip 140, The clip housing 156 of this embodiment also
advantageously mcludes a tapered outer surface 138 at a distal end of the clip housing 156,

In another embodiment, the tapered outer surface 158 comprises a radias 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 barvel 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 1438 at the rear wall 146 of the spring clip 140 to advantageously
provide smooth travel into the handle 171 and the barrel 172

{0063] According to one embodiment, Figures 13 and 14 illustrate a barrel assembly 170.
As similarly described in the previous embodiment, the barrel assembly 170 mchudes the
handle 171 baving an mner diameter 174, The inner diameter 174 includes a tapered inner
surface 176 digposed at a distal end of the handle 171, The tapered inner surface 176 of the
inner diameter 174 of the handle 171 cooperates with the tapered outer surface 148 of the
spring chip 140 and the tapered outer surface 158 of the clip housing 156 to advantageously
engage and guwide the spring chip 140 and the clip housing 156 into the handle 171 and the
bareel 172, Also, the tapered outer surface 148 of the spring clip 140 and the tapered outer
surface 158 of the clip housing 156 engage the tapered inner surface 176 to advantageously
center the spring clip 140 and the clip housing 136 with respect to the handle 171 and the
barrel 172.

[0064] As similarly described in the previous embodiment, the barrel assembly 170
further includes an activation button 178 and a spring 182 that cooperates with a needle hub
180 for retraction. The needle 120 1s fixed to the needle hub 180 so that the needle 120 is
retracted mto the barrel 172 when the activation button 178 is depressed.

[0065] Figure 15 illustrates, according to one embodiment, the spring clip 140 being

substantially disposed in the clip housing 156 and in a closed position where the needle isina
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second needle position. Specifically, the distal walls 150 are offset and the lip 152 of one of
the distal walls 150 contacts the other distal wall 150 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
posttion, a distal portion of the spring clip 140 may extend bevond the chip housing 156.
[0066] According to one embodiment, Figure 16 illustrates a top section view and Figure
17 illustrates a cross section view of the spring clip 140 and the clip housimg 156. Both of
these figures ihlustrate the spring clip 140 and the clip housing 156 bemg retracted into the
barrel 172 from the second needle position to a third needle position.

[0067] As sinularly described in the previous embodiment, Figures 18 and 19 illustrate
the spring clip 140 and the clip housing 156 in the barrel 172, This is the third needle
posttion of the needle 120 of the catheter asscmbly 110

[0068] Figures 20-22 llustrate a third exemplary embodunent of a barrel assembly 270,
The barrel assembly 270 is a modified version of the barre] assembly 70, 170 described above
with the following improvements {o control a retraction speed of a needie 220 i a handle 271
and a barrel 272,

{0069] In the previous embodiments described above, when the activation button 78, 178
i3 depressed, the needle hub 80, 180 1s retracted into the handle 71, 171 and the barrel 72, 172
via force from the spring 82, 182. However, the retraction speed of the needie hub 80, 180
may be high, which can cause blood to splatter during retraction. Various damping
mechanisms have been used in the prior art including a silicone gel, bladder air vents, -
rings, a crushable filter and spring compression nodes as described i U.S. Patent Nos.
5,575,777, 5,702 367 and 6,090,078, which are hereby incorporated by reference.

[0070] According to onc embodiment, the barrel assembly 270 provides a controlled
variable retraction speed of the needle 220 mto the handle 271 and the barrel 272 of the
catheter assembly. 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 274c are substantially similar. Also, the second inner diameter 274b 1s
greater than cach of the first inner diameter 274a and the third mner diameter 274¢,
respectively. The three inner diameters 274a, 274b, 274¢ are connected via inner diameter

tapers to provide a continucus changing inner diameter.
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{0071] The barrel assembly 270 further includes a needle hub 280 that secures the needle
220. A first damping mechanism 290 i3 advantageously fixed to a proximal end of the needle
hub 280. In one embodiment, the first damping mechanism 290 is a silicone washer or a
silicone disc.

{0072] In operation of the catheter assembly, when the activation button 78, 178 15
depressed, an outer diameter of the first damping mechanism 290 is in frictional contact with
the first mner diameter 274a. This is because the first inner diameter 2744 15 smaller than the
outer diameter of the first damping mechanism 290, As a result, the needle hub 280 and
needle 220 advantageously begin to move slowly into the handle 271 and the barrel 272,
{0073] As the needle hab 280 continues to move in the handle 271 and the barrel 272, the
inner diameter mcreases in size 1o the second inner diameter 274b. The second inner
diameter 274b is larger than the outer diameter of the first damping mechanism 290.
Accordingly, there 1s clearance (significantly reduced frictional contact) between the second
inner diameter 274b and the first damping mechanism 290. As a result, the needle hub 280
advantageously picks up speed and moves taster through the handle 271 and the barrel 272,
[0074] As the needle hub 280 approaches the end of its travel 1o the barrel 272, the inner
diameter of the barrel 272 decreases in size to the third inner diameter 274c¢. The outer
diameter of the first damping mechanism 290 15 in frictional contact with the third inner
diameter 274¢. This is because the third inner diameter 274¢ is smaller than the outer
diameter of the first damping mechanism 290, As a result, the needle hub 280
advantageously slows down in speed as it approaches the end of travel in the barrel 272,
{0075} The catheter assembly incorporating the barrel assembly 270 of this embodiment
advantageously provides slow needle retraction at the beginning and at the end of the needie
travel to reduce blood splatter and provide smooth movement of the needle 220 and needie
hub 280 dunng retraction. The changing diameters i the handle 271 and the barrel 272
advantageously provide a speed damping profile to control the speed of the needle retraction
at various positions,

[0076] The speed damping profile can be adjusted based on the desired retraction speed
of the needle 220 and the necdle hub 280, According to one embodiment, the third mner

diameter 274¢ 1s smaller than the first inner diameter 274a to advantageousty provide a
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siower retraction speed at the end of travel compared to at the beginning of travel. According
1o another embodiment, the first inner diameter 2744 is smaller than the third mner diameter
274¢ to advantageously provide a slower retraction speed at the beginning of travel compared
to at the end of travel. According to one embodiment, the second imner diameter 274b is
substantially similar to the first and third mner diameters 274a, 274¢ to advantageously
provide a slow retraction speed of the needle 220 and needle hub 280 throughout travel in the
handie 271 and the barrel 272.

[0077] According to one embodiment, the width of each of the imner diameters 274a,
274b, 274¢ are varted to adjust the speed damping profile. Specifically, the width of the
inner diameters 274a, 274b, 274¢ advantagecusly control an amount of time for retraction at
cach portion of the handle 271 and the barrel 272 as the needle 220 and the needle hub 280
travel through the handie 271 and the barrel 272, The amount of friction between the mner
diameters 274a, 274b, 274c¢ and the first damping mechanism 290 (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.

[0078] A fourth exemplary embodiment of a catheter assembly 1s a modified version of
the barrel assembly 270 deseribed above with the following differences. Specifically, the
handle 271 and the barrel 272 include a first and second mmer diameter 274a, 274b as
similarly described above. The barrel assembly 270 also includes a first dampimg mechanism
290 being fixed at a proximal end of a needle hub 280, The barrel assembly 270 further
includes a second damping mechanism 291, The first damping mechanism 290 15 a silicone
washer as similarty described above and the second damping mechanism 291 15 a silicone
gel. The silicone gel 2911s applied at a proximal end of the spring 82, 182 prior to retraction.
Figures 4, 5, 13, 14, 17-19 dlustrate an exemplary access hole 292 that 1s provided in the
handle 71, 171 for the user to supply the silicone gel 291,

{0079] In operation of the catheter asserbly with the barrel assembly 270 of this
embodiment, when the activation button 78, 178 1s depressed, an outer diameter of the first
damping mechanism 290 is m frictional contact with the first inner diameter 274a. This 18

because the first mner diameter 274a is smaller than the outer diameter of the first damping
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mechamsm 290, As a result, the needle hub 280 and needle 220 advantageously begin to
move slowly into the handle 271 and the barrel 272 during retraction.

[O080] As the needie hub 280 continues to move in the handle 271 and the barrel 272, the
inner diameter of the handle 271 and the barrel 272 increascs to the second mner diameter
274b. The second inner diameter 274b is larger than the outer diameter of the first damping
mechanism 290. Accordingly, there is significantly less frictional contact between the second
mner diameter 274b and the first damping mechanism 290. As a result, the needle hub 280
advantageously picks up speed and moves faster through the handle 271 and the barrel 272
during refraction.

[OO81] As the needie hub 280 approaches the end of its travel in the barrel 272, the spring
82, 182 advantageously begins to move through the applied silicone gel of the second
damping mechanism 291, The silicone gel of the second damping mechanism 291 resists the
extension of the spring 82, 182 to advantagecusly slow the retraction of the needle 220 and
the needie hub 280. Accordingly, the combination of the first and second damping
mechanisms 290, 291 advantageously provides a similar speed damping profile during needle
retraction as the third embodiment described above.

{0082] This configuration advantageously reduces the manufacturing complexities of
more than two controlled inner diameters in the handle 271 and the barrel 272, Also, the
combination of the silicone washer 290 and the silicone gel 291 advantageously provide
similar damping characteristics while reducing blood splatter and provides smooth movement
of the needle 220 and the needle hub 280 duning retraction.

{0083} According to one embodiment, the silicone gel of the second damping mechanism
291 1s applied to the distal end of the spring 82, 182, as well as the proximal end of the 1nner
diameter of the handle 271, Tn this manner, the silicone gel 291 15 1n contact with the spring
82, 182 1n the compressed state, as well as when the spring 82, 182 moves to its extended
state. Accordingly, the silicone gel 291 resists the extension of springs 82, 182 while
contacting the needle hub 280 to slow its movement throughout travel. Applyving silicone gel
291 1n this mamner advantageously allows coils of the springs 82, 182 to expand one at a

time, instead of all at once.
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{0084] Such a configuration advantageously improves the accuracy of the speed damping
profile during needle retraction, particularly at the beginning of travel by slowly permitting
the mitial movement of the needle hub 280 after initial activation. This configuration also
advantageously avoids the use of a silicone washer 290, which 1s susceptible to providing
excessive friction upon activation. Under this scenario, the frictional foree is greater than the
spring force and thus, the needle 220 does not retract and remains in an unsafe condifion.
Accordingly, the silicone gel 291 advantageously provides a strong solution for the mitial,
activation phase.

[0088] 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 onlv significantly contacts the
inner diameter of the barrel 272 near the end of travel to provide a significant frictional force.
In this manner, the silicone gel 291 advantageously provides a strong solution for the mitial,
activation phase, as similarly described above, while the silicone washer 290 provides a
hetter slow/speed reduction solution at the end of travel. Using the silicone washer 290 at the
end of travel instead of silicone gel 291 advantageously avoids the needle hub 280 from
simply “crashing” into a pile of sihicone gel 291 at the end and provides better speed
reduction.

[0086] 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 as the second
damping mechanism 291 is disposed at the proximal end of the inner diameter of the barrel
272, The silicone washer mteracts with the inner diameter of the handle 271 and the barrcl
272 to control nitial retraction of the needle hub 280 as similarly described above. The
silicone gel at the proximal end of the mner diameter of the barrel 272 contacts the needle
hub 280 to slow the end of travel in the barrel 272. Such a configuration advantageously
provides another way to control the speed damping profile duning needle retraction.

{0087] 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 silicone gel at the

proximal end of the needle hub 280 contacts the inner diameter of the handle 271 to slow the
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retraction speed. A stmilar effect happens with the silicone gel 291 at the proximal end of the
inner diameter of the barrel 272 as the needle hub 280 approaches the end of travel in the
barrel 272. However, at the proximal end of the inmner diameter of the barrel 272, the spring
also mixes with the residual silicone gel from the proximal end of the needle hub 280 to
provide further damping of the retraction speed. In this manner, the silicone gel 291
advantageously slows retraction of the needle hub 280 at the end to obtain a smoother
deceleration and stoppage of the needle hub 280 in the retracted position. Sucha
configuration advantageously provides another way {o control the speed damping profile
during needle retraction while only using silicone gel. In another embodiment, access holes
292 are advantageously provided near any one of the proximal end of the spring 82, 182, the
proximal end of the needle hub 280 in the first ncedlc position and the proximal end of the
inner diameter of the handle 271 and the barrel 272, In this manner, silicone gel 291 can be
casily and accurately applied by the user at the desived locations described in the
embodiments above.

{0088] ¢ foregoing detailed description of the certain exemplary embodiments has
been provided for the purpose of explaining the principles of the invention and its practical
apphication, thercby enabling others skilled in the art to understand the nvention for various
embodiments and with various modifications as are suited to the particular use conteraplated.
This description 18 not necessarily ntended to be exhaustive or to limit the mvention to the
precise embodiments disclosed. Any of the embodiments and/or elements disclosed hergin
may be combined with one another to form various additional embodimenis not specifically
disclosed, as long as they do not contradict cach 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.

{0089  Asused 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
timit 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
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understood by those of ordinary skili to refer to reasonable ranges outside of the given value,
for example, general tolerances associated with manufacturing, assembly, and use of the

described emboduments.

19



CLAIMS

1. A catheter assembly comprising:

a catheter carried by a catheter adapter;

a needle having a distal tip and disposed in the catheter such that in a first needle
position, the needle extends beyond the catheter;

a needle hub fixed adjacent to a proximal end of the needle;

a clip disposed in the catheter adapter and cooperating with the needle; and

a barrel assembly including an inner diameter; wherein

when the needle is in a second needle position, the clip encloses the distal tip of the
needle; and

when the needle moves to a third needle position, the clip, the needle hub and the

needle are disposed in the inner diameter of the barrel assembly.

2. The catheter assembly of claim 1, wherein
the catheter adapter includes a retention feature; and
the clip is retained in the catheter adapter by the retention feature until the needle is in

the second needle position.

3. The catheter assembly of claim 1, wherein

a rear wall of the clip includes a tapered outer surface, said rear wall is substantially
perpendicular to an axis of the needle;

said barrel assembly includes a tapered inner surface disposed at a distal end of the
inner diameter of the barrel assembly; and

the clip is guided by an engagement between the tapered outer surface of the clip and
the tapered inner surface of the barrel assembly to dispose the clip and the needle in the barrel

assembly.

4. The catheter assembly of claim 1, wherein

the clip includes an opening for the needle to travel through.

5. The catheter assembly of claim 1, wherein
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the clip includes one or more flexible arms;

the one or more flexible arms bias against the needle before the needle moves to the
second needle position; and

the one or more flexible arms bias against each other to enclose the distal tip of the

needle when the needle is in the second needle position.

6. The catheter assembly of claim 1, wherein
the needle manually moves from the first needle position to the second needle

position.

7. The catheter assembly of claim 1, further comprising:

a spring disposed about the needle and extending between the needle hub and the
proximal end of the barrel assembly; and

an activation button movably mounted adjacent to the distal end of the barrel
assembly and adapted for selective engagement with the needle hub to hold the needle hub
adjacent to the distal end of the barrel assembly against the bias of the spring in the first
needle position; wherein

when the activation button is depressed, the spring is released to move the needle and

the needle hub from the second needle position to the third needle position.

8. The catheter assembly of claim 1, wherein

the clip cooperates with a clip housing;

a proximal end of the clip housing includes a tapered outer surface; and

when the needle moves to the third needle position, the clip housing is guided by an
engagement between the tapered outer surface of the clip housing and a tapered inner surface

of the barrel assembly to dispose the clip and the clip housing into the barrel assembly.

9. A catheter assembly comprising:
a catheter carried by a catheter adapter;
a needle having a distal tip and disposed in the catheter such that in a first needle

position, the needle extends beyond the catheter;
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a needle hub fixed adjacent to a proximal end of the needle and fixed to a damping
mechanism;

a clip being disposed in the catheter adapter, the clip cooperating with the needle; and

a barrel assembly surrounding the needle hub, the barrel assembly including first,
second and third inner diameters; wherein

when the needle is in a second needle position, the clip encloses the distal tip of the
needle; and

when the needle moves to a third needle position, the needle is retracted into the
barrel assembly via spring force from a spring, friction between the damping mechanism and
the first inner diameter slows initial movement of the needle hub in the barrel assembly,
clearance between the damping mechanism and the second inner diameter provides faster
movement of the needle hub in the barrel assembly, and friction between the damping
mechanism and the third inner diameter slows movement of the needle hub to a resting

position at a proximal end of the barrel assembly.

10. The catheter assembly of claim 9, wherein
the first and third inner diameters are substantially similar; and
the second inner diameter is larger than the first inner diameter and the third inner

diameter, respectively.

11. The catheter assembly of claim 9, wherein

the damping mechanism comprises a silicon washer.

12. A catheter assembly comprising:

a catheter carried by a catheter adapter;

a needle having a distal tip and disposed in the catheter such that in a first needle
position, the needle extending beyond the catheter;

a needle hub fixed adjacent to a proximal end of the needle and fixed to a first
damping mechanism;

a clip being disposed in the catheter adapter, the clip cooperating with the needle;

a barrel assembly surrounding the needle hub, the barrel assembly including first and

second inner diameters;
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a spring disposed between the barrel assembly and the needle hub; and

a second damping mechanism disposed at a proximal end of the spring; wherein

when the needle is in a second needle position, the clip encloses the distal tip of the
needle; and

when the needle moves to a third needle position, the needle is retracted into the
barrel assembly via spring force from the spring, friction between the second damping
mechanism and the spring slows initial movement of the needle hub in the barrel assembly,
clearance between the first damping mechanism and the first inner diameter provides faster
movement of the needle hub in the barrel assembly, and engagement of the first damping
mechanism and the second inner diameter slows movement of the needle hub to a resting

position at a proximal end of the barrel assembly.

13.  The catheter assembly of claim 12, wherein
the first damping mechanism comprises a silicon washer; and

the second damping mechanism comprises a silicone gel.

14. The catheter assembly of claim 12, wherein

the second inner diameter is smaller than the first inner diameter.

15. A catheter assembly comprising:

a catheter carried by a catheter adapter;

a needle having a distal tip and disposed in the catheter;

a needle hub fixed adjacent to a proximal end of the needle, a proximal end of the
needle hub being fixed to a damping mechanism;

a clip disposed in the catheter adapter, the clip cooperating with the needle; and

a barrel assembly surrounding the needle hub, a proximal end of an inner surface of
the barrel assembly including the damping mechanism; wherein

when the needle is in a first needle position, the distal tip of the needle extends from
the clip;

when the needle is in a second needle position, the clip encloses the distal tip of the

needle; and
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when the needle moves to a third needle position, the needle is retracted into the
barrel assembly via spring force from a spring, and the damping mechanism and the spring
slow initial movement of the needle hub in the barrel assembly, and when the needle hub
approaches an end of travel, the damping mechanism and the spring slow movement of the

needle hub to a resting position at a proximal end of the barrel assembly.

16. The catheter assembly of claim 15, wherein

the damping mechanism comprises a silicone gel.

17. The catheter assembly of claim 1, wherein the clip cooperates with and is disposed

into a clip housing.

18.  The catheter assembly of claim 17, wherein a proximal end of the clip housing

includes a tapered outer surface.

19. The catheter assembly of claim 18, wherein when the needle moves to the third needle
position, the clip housing is guided by an engagement between the tapered outer surface of

the clip housing and a tapered inner surface of the barrel assembly.

20. The catheter assembly of claim 18, wherein when the needle moves to the third needle

position, the clip and the clip housing are disposed into the barrel assembly.
21. The catheter assembly of claim 1, wherein when the needle moves to the third needle

position, the clip, the needle hub and the needle being fully disposed in the inner diameter of

the barrel assembly.
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