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CATHETER ASSEMBLY

FIELD
fO001] ‘This invention relates to 8 connection and siabilization mechanism fora

catheter assernbly.

BACKGROUND

0002} For clinicians to achicve vascular access success when using a catheter
assembly, a variety of factors are considered. As catheter assernblies change from using large
gauge needles to small gauge needles, stability becomes increasingly difficult to maintain,
Improving rigidity and reducing deflection within the catheter assembly provides a clinician
improved stability and greater control during insertion. Different features in the catheter
assernbly can be constrained to minimize motion, However, large features and complex
profiles with tight tolerances are difficult to consistently manufacture during production.
Also, close civcular tolerance fits may not be adequate to sufficiently reduce motion. Further,
different insertion technigues can affect stability and control when used by the clinician,
[GO03] Further stability challenges are encountered in a blood conirol catheter
assemibly. An exemplary blood control catheter assembly is disclosed in WO 2015/161294,
which is hereby incorporated by reference into this application. Since a valve and a valve
actuator are disposed inside a catheter hub, Himited space i3 available inside the catheter hub
to provide a stable engagement surface for a needle tip shield or mating components suchas a
grip or a needie hub. The position of luer threads and appropriate clearance for the luer
threads to function properly are additional considerations. Size and shape constraints also
factor into creating a more stable and rigid catheter assembly. Thus, a geometrically simple
and compact catheter assembly design with increased manufacturability and clintcian friendly

features is desired.

SUMMARY OF THE INVENTION

[0004]  Itis an aspect of the prosent invention to provide improved connection features
between a catheter hub and a housing, such as a needle protection member, a needle tip shield
or mating components such as a grip or a needle hub, in a catheter assembly. The connection

features advantageously provide @ geometricaily simple and compact catheter assembly
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design that can be manufactured inexpensively and provides stability and rigidity for
successful vascular access by a clinician,

[O00BY  The forcgoing and/or other aspects of the present invention can be achieved by
providing a catheter assembly comprising a catheter, a needle having a sharp distal tip and
disposed within the catheter, a catheter hub connected 1o the catheter having the needie
passing therethrough, and a housing for enclosing the sharp distal tip of the needle, wherein
an external surface of the catheter hub and an internal surface of the housing each include one
of 8 channel member and 8 raised portion that interfit 1o restrict motion between the catheter
hab and the housing.

{O00&]  The foregoing and/or other aspects of the present invention can also be achieved
by providing a catheter assembly comprising 3 catheter, a needle having a sharp distal tip and
disposed within the catheter, a catheter hub connected to the catheter having the needle
passing therethrough, the catheter hub including a valve that selectively permits or blocks a
flow of fluid through the catheter, and a valve actuator that moves between a first position
and a second position, and a housing that encloses the sharp distal tip of the needle, wherein
an external suwrface of the catheter hub and an internal surface of the housing each include one
of a channel member and a raised portion that interfit to Hmit movement between the catheter
hub and the housing.

IB007] 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

learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWDNGS

[OO08]  The above aspects and features of the present invention will be more apparent
from the description for the exernplary embodiments of the present invention taken with
reference to the accompanying drawings, in which:

[O0G%]  Figure | illustrates g perspective view of a first exemplary embodiment of a
catheter assembly;

[OO10T  Figure 2 illustrates a perspective view of a second exemplary embodiment of a
catheter assembly including wings;

3011} Figure 3 Hlustrates a cross sectional view of a third exemplary embodiment of 2

catheter assembly;
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{00G13] Figure 4 illusirates a perspective view of 8 needle protection mernber of Figures |
and 2;

0GE3]  Figure 5 illustrates a front view of the needle protection member of Figure 4;
FO0E4]  Figure 6 illusivates 8 vear view of the catheter hub of Figure 1,

FOOLS]  Figure 7 illustrates a rear perspective view of the catheter hub of Figure 6;
[O016] Figure 8 illustrates a partial disassembled view of the catheter assembly of Figure
I; and

fO017]  Figure @ illustrates a partial assembly view of the catheter assembly of Figure 1.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

fOOL8] Figure | illustrates a catheter assembly 10 including a hollow introducer needle 22
disposed in a catheter 20, The needie 22 includes a sharp distal end for insertion into a skin
of a patient. During operation, the clinician inserts the needle 22 and the catheter 20 into the
patient’s skin, but the needle 22 is removed soon affer insertion. The catheter 20 remains
within the patient’s skin for future fluid exchange.

[0019]  Asillustrated In Figures 1 and 2, the catheter 20 is connecied io a catheter hub 30.
The catheter hub 30 includes one or more finger tabs 12 that are of different heights
extending from a top surface. The finger tabs 12 aid the clinician to hold and stabilize the
catheter assernbly 10 when inserting the needle 22 and catheter 20 into the skin of the patient,
as well as to secure the catheter assembly 10 1o the patient after catheter 20 insertion.
{O030]  The catheter hub 30, as iHusirated in Figure 2, can include a pair of wings 14 on
opposing sides of the catheter hub 30. Similar to the finger tabs 12, the wings 14 also aid the
clinician 1o hold and sighilize the catheter assembly 10 when inserting the needle 22 and
catheter 20 into the skin of the patient, as well as to secure the catheter assembly 10 to the
patient after catheler 20 insertion. The wings 14 are secured to the skin of a patient by
adhesive, tape or film, for example. Additional features of the catheter hub 30 are described
below.

[O0Z1] The catheter assembly 10 can further include a needle protection member 7¢ also
known a5 a needle tip shield. The needle protection member 70 has an internal spring clip 66
that locks the distal end of the needle 22 inside the needle protection member 70,

Specifically, the spring clip 66 contacts the side of the needle 22 under a spring force during
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use. At the same tirne, the spring clip 66 interlocks with the catheter hub 30 to lock the
needle protection member 70 o the catheter hub 30

[GG22] I another embodiment, the needie protection member 70 is replaced by mating
cornpenents such as & grip or g needle hub, These features are all generally identified as a
housing 7.

fO023]  After the needle 22 is used, the distal end of the needle 22 is retracted from the
catheter hub 30 and enters into the needle protection member 70, Upon sufficient entrance of
the distal end of the needle 22 into the needle protection member 70, a locking action secures
the distal end of the needle 22 o prevent further use and needle comtamination. In other
words, the spring clip 66 is released from the side engagement with the needle 22 1o expand
and block the movement of the needle 22 back into the catheter hub 30. At the same time,
the spring clip 66 disengages from the catheter hub 38 to veverse the interlock between the
cathoter bub 30 and the needle protection member 70. Additional features of the needle
protection member 70 are described below,

00247  Figure 3 illustrates a cross sectional view of a typical blood control catheter
assembly 10. The features disclosed in this embodiment are similarly present in Figures 1
and 2. Specifically, the catheter hub 30 includes a valve 60 that selectively permits or blocks
the flow of fluid between the catheter 20 and a distal end of the catheter hub 30, The catheter
hub 30 also encloses a valve actuator 62 that selectively penetrates and disengages from the
valve 60 {0 permit or block fuid communication, The valve actuator 62 moves between a
first position where the valve 80 is disengaged {closed) and a second position where the valve
60 is penetrated {open.

GO2B] A return member 64 in the form of & coil spring surrounds the valve actuator 62
and floats within an inner diameter of the catheter hub 30, When the clinician engages and
moves the valve actuator 62 to pierce the valve 60 in the second position, the return member
64 urges the valve actiator 62 o dizsengage the valve 60 and return to the first position.
Subseguently, when the clinician disengages the valve actuator 62, the valve actuator 62
moves back to the first position and the valve 60 closes.

f0028] The catheter hub 30 includes luer threads 32 and a collar 31 that are disposed at a
proximal end of the catheter hub 38, The catheter hub 30 is configured to be selectively

engaged and secured to the needle protection member 70 via the spring clip 66 and the collar
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31 in the manner described above. The Iner threads 32 can be, for exarnple, ISO 803687
threads. The luer threads 32 are configured to engage a fomale connector to exchange fluid,
as well as provide rotational stability about the z-axis 94 of the catheter assembly 10. The
tuer threads 32 are disposed on the sides of the catheter hub 30, whereas the coliar 31 is
circumferentially disposed on the catheter hub 38, Further details of the components of the
catheter hub 30 described in this embodiment are disclosed in WO 2015/161284,

{O027F]  Figures 4-9 iHustrate the various features of the connection mechanism in the
catheter assembly 10 of Figure 1 between the catheter hub 30 and the needle protection
member 70, In view of the problems in the art described above, three main factors have been
determined to address and mitigate the concerns of stability and undesired movement in the
catheter assembly 18,

[B02Z8]  The first factor is evaluating the fit between the catheter hub 30 and the needle
protection member 70, The closer the fit, the betier the assembly is able {0 minimize
undesirable motion, However, requiring tight tolerances in the manufacturing of the catheter
fisb 30 and the needle protection member 70 is not desired because tight tolerances are
difficult o maintain in high volume production.

f0029]  The second factor is evaluating the distance between two support poinis in the
engagement between the catheter hub 30 and the needle protection member 70 fo veduce
deflection in the catheter assembly 10, Increasing the distance or length between the support
points provides a maxinun mechanical or geometric advantage. I is advantageous to
position the support points to form a long bearing surface and increase overall stability.
Further, the large distance between the support points advantageously resulis in less fres
movement and less deflection at the distal tip of the needle. However, sive, length and shape
constraints Hmit the available space and amount of possible mechanical advantage that can be
destgned into the catheter assembly 10

{OG30]  The third factor is evaluating how many degrees of freedom the catheter assembly
10 is constrained by. As illusirated in Figures 1-3, the z-axis 94 represents the centerline of
the catheter assembly 10, As tllustrated in Figure 5, the x-axis 90 represents the horizontal
axis of the catheter assembly 10 and the y-axis 92 represents the vertical axis of the catheter
assembly 10. These three axes 90, 92, 94 can be constrained by design in the catheter

assembly 10 o resirict motion and improve rigidity during use by the clinician. However, the
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design challenge is to resirict as much motion as possible using simple and small features that
are not difficult to manufaciure.

{0031} Additional considerations are necessary for a bloed control catheter assernbly 10.
Specifically, as illustrated in Figure 3, the valve 60 and the valve sctuator 62 ocoupy much of
the internal space in the catheter hub 30, Further, a proximal end of the valve actuator 62 is
disposed near a proximal end of the catheter hub 30 where the luer threads 32 are located,
This positioning allows the valve actuator 62 to be properly engaged by a male luer during
operation so that the valve actuator 62 can move between first and second positions to
penetrate and disengage the valve 60,

F0032]  Accordingly, as illustrated in Figure 3, there is miniwnal area or length for
engagement and internal support at the inner diameter of the catheter hub 30, Asaresult, a
shorter length is available which can decrease the potential mechanical advantage, create a
weak and loose engagement, and reduce the stability and rigidity of the catheter assembly,

As deseribed below, the features of the presently disclosed connection mechanism remedy
the shortcomings of cwrrent catheter assemblies.

[GO33]  Figures 4 and § illusirate the needle protection member 70 or tip shield that
encloses and secures a distal end of the needle 22 after use. The needle protection member
70 includes a raised portion 72 disposed at a distal, internal surface. The raised portion 72 is
one aspect of the connection mechanism. The raised portion 72 is preferably a rectangular,
tongue or rail shaped member that protrudes and extends from the internal surface toward a
centerline of the needle protection member 70. The raised portion 72 is preferably disposed
at a top surface of the internal surface of the needle protection member 70, Itis
contemplated, however, that the raised portion 72 can be located at any angular position on
the internal swrface of the needle protection member 70.

[O034] A chamfer 74 is disposed at a distal end of the raised portion 72. The chamfer 74
advantageously aids in assembly by providing a smooth engagement with the other part of the
connection mechanism as described below. In another embodiment, the raised postion 72
includes a rounded edge or a radius instead of the chamfer 74 to provide similar benefits,
{0038] The raised portion 72 has a thickness 76 that spans a width, or horizontal distance
of engagement, a length 78 that spans a distance along a centerline of the needle protection

member 70, and a depth 79 that spans a vertical distance of engagement. The thickness 76 is
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minimized to satisfy overall size constraints while being large enough to provide one degree
of freedom constraint in the x-axig 90,

{00386]  The length 78 of the raised portion 72 is advantageously maximized {o increase
the mechanical advantage while adhering to overall size constrainis, The length 78 also
provides one degree of freedom constraint in the z-axis 94,

[0037]  The depth 79 spans the vertical distance and is sized to ensure engagement with
the other part of the connection mechanism for proper operation. At the same time, the depth
79 avoids interference with other features of the needle protection member 70 and/or
components of the catheter assembly 10 as described below. The depth 79 also provides one
degree of freedom constraint in the y-axis 92,

[OO38]  The distal end of the noedle protection member 70 alse includes a support portion
80. The support portion 80 is disposed substantially at an opposing side of the raised portion
72, The support portion B0 ie disposed a bottom surface of the internal surface of the needle
protection meraber 70, It is conternplated, however, that the support portion 80 can be
located at any angular position on the internal surface of the needle protection member 70
depending on where the raised portion 72 is positioned.

{0038]  The support portion 8¢ and the raised portion 70 limit movement of the catheter
hub 30 and the needle protection member 70 in the y-axis 92 degree of freedom,

Specifically, the support portion 80 keeps the depth 79 of the raised portion 70 engaged to the
catheter hub 30 and helps provide a close fit. Further description of this engagement is
described below.

[0040] Figures 6 and 7 iliustrate a channel or groove member 34 of the catheter hub 30
that provides another aspect of the connection mechanism. The channel member 34 is
preferably a non-continuous groove that is disposed on an outer surface of the catheter hub
30. Specifically, the charnnel member 34 extends through a portion of a collar 31 at the
proximal end of the catheter hub 30, The channel member 34 is advantageously recessed into
the portion of the collar 31, instead of being a feature that extends beyond the height of the
luer threads 32,

[00G413]  Thus, the connection mechanism does not increase the overall size of the catheter
assembly 10. The channel member 34 is not angularly aligned to any portion of the luer

threads 32 or the catheter hub 30 and does not hinder the function of the luer threads 32,
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Accordingly, the channel member 34 advantageously provides the connection mechanism
aspect of the catheter assembly 10 while not interfering with the function of the IS0 80368-7
huer threads 32.

[0042]  In another embodiment, the channel member 34 extends through a portion of the
tuer threads 32 of the catheter hub 30, Since only & portion of the luer threads 32 is ocoupied
by the channel member 34, the Iner threads 32 are still able to function properly.

[0043]  As illustrated in Figure 7, the channel member 34 includes a first channel 36 and a
second channel 38 with a gap 40 disposed in between. The first channel 36 is disposed in the
portion of the collar 31 while the second channel 38 is disposed distally to the first channel
36 and outside of the collar 31, The first and second channels 35, 38 are substantially inline,
[0044] Walls 39 are formed on the catheter hub 30 at both sides of the second channel 38,
The walls 39 bave heights that do not extend beyond the height of the collar 31 and the luer
threads 32 to advantageously avoid any potential ingerference. Also, a height of the walls 39
gradually decreases via a smooth curvature to transition into the outer surface of the catheter
bub 30, The transition optimizes the strength of the interface between the outer surface of the
catheter hub 30 and the walls 35,

{0045]  The gap 40 is provided to adeguately space the first channel 36 from the second
channel 38 while optimizing the mechanical advantage according to space constraint
requirements. Also, the first and second channels 36, 3§ are manufactured with small
tolerances so that a close £t is achieved when mating with the raised portion 72 of the needle
proteciion member 70, ‘Alﬁwugh the tolerances are small, the first and second channels 386,
38 are not difficult to consistently maintain during manufacturing because of their size and
shape.

[O048]  Thus, the gap 40 also advantageously improves manufacturability by shortening
the length of engagement of the channel member 34, Without the gap 40, it may be difficult
to maintain 2 small andfor tight tolerance over a long length of the channel member 34.
Dividing the channel member 34 via the gap 40 reduces the length at which the small and/or
tight tolerances need to be held to.

{00477  The first channel 36 includes a chamfer 42 at the proximal end of the catheter hub
30. Similar to the chamfer 74 in the raised portion 72, the chamfer 42 in the first channel 36

advantageously aids in assembly by providing a gradual and smooth engagement between the
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needle protection member 70 and the catheter hub 38, According {o another embodiment, the
catheter hub 30 inchedes a rounded edge or a radius instead of the chamfer 42 to provide
similar benetils.

{0048] The first channel 36 also includes a narrowing portion 44 at the proximal end of
the catheter hub 38, The narrowing portion 44 is a V-shaped member that decreases in width
from the proximoal end of the catheter hub 30 and gradually transitions into the first channel
36. The narrowing portion 44 gradually tightens the connection mechanism between the
catheter ub 30 and the needle protection member 70, The narrowing portion 44
advantageously aids in assembly by providing a gradual engagement between the channel
member 34 and the raised portion 72 of the needle protection member 70.

{0049]  The channel member 34 includes a width 46, a length 48 and a depth 50, The
width 46 spans a horizontal distance of engagement. The width 46 extends through the
second channel 38 and through a portion of the first channel 36, Specifically, the variable
width of the first channel 36 at the narrowing portion 44 is larger than the width 46 at the
remaining portion of the first channel 36,

FOOB0]  The width 46 of the channel mernber 34 cooperates with the thickness 76 of the
raised portion 72 to constrain the connection mechanism between the catheter hub 30 and the
needle protection member 70 in the x-axis 90. Additionally, the width 46 is minimized so
that the geometry of the luer sealing surface is not affected by sinks during molding. Sinks
can arise when plastic shrinks afier molding. The width 46 of the first channel 36 and the
width 46 of the second channel 38, except for the narrowing portion 44, are substantially
egual.

[GO81]  The length 48 of the channel member 34 spans a distance along a centerline of the
catheter hub 30, The length 48 is measured from the distal end of the second channel 38 o
the interface between the first channel 36 and the narrowing portion 44. This length 48
provides a long bearing surface for increased stability and one degree of freedom constraint
in the z-axis 94 when the channel member 34 engages the raised portion 72, Although the
length 48 of the channel member 34 includes the gap 40 between the first and second
channels 36, 38, the effective bearing swrface is still advantageously maintained because of

the separation between the frst and second channels 36, 38,
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[O0GB2] The depth 50 of the channel member 34 spans the vertical distance of engagement.
The depth 30 provides an engagement surface between the raised portion 72 of the needle
protection member 70 and the catheter bub 30, Also, the depth 59 provides one degree of
freedom constraint in the y-axis 92. The depth 50 of the first channel 36 and the depth 50 of
the second channel 38 are substantially equal.

[O053]  In another embodiment, the channel member 34 and the raised portion 72 is a
tapered tongue and groove feature. Specifically, the raised portion 72 increases in depth 79
from the distal end of the needle protection member 70 to the end of the raised portion 72.
Likewise, the channel member 34 increases in depth 50 from the proximal end of the catheter
hub 30 to the end of the second channel 38, In apother embodiment, the raised portion 72
decreases in depth 79 from the disial end of the needle protection member 70 1o the end of the
raised portion 72. Likewise, the channel member 34 decreases in depth 50 from the proximal
end of the catheter hub 30 to the end of the second channel 38, Accordingly, in both these
embodiments, the channel member 34 and the raised portion 72 complement each other when
fully assembled to provide similar disclosed benefits to the catheter assembly 10 as described
herein,

[0054]  According to another embodiment, the raised portion is disposed on the catheter
hub 30 and the channel member is disposed on the needle protection member 70.
Accordingly, the connection mechanism features are reversed to provide similar function and
advantages. Further, aliernate connection mechanism geometry can be used to Limit
deflection or gain similar functionality,

{O088]  Figures § and 9 llustrate the connection mechanism between the catheter hub 30
and the needle protection member 70 during assembly and after the assembly is secured. The
connection mechanism grips and constrains the catheter hub 30 and the collar 31 to the
needle protection member 70, This provides passive safety to the clinician and improves the
success of vascular access.

[OO86]  Specifically, as the distal end of the needle protection member 70 is drawn toward
the proximal end of the catheter hub 30, the raised portion 72 is aligned to the channel
member 34, The chamfber 74 on the raised portion 72 first engages the chamfer 42 and the
narrowing portion 44 of the catheter hub 30 to sdvantageously provide smooth and gradual

engagement.
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[OO8T] At the same time, the support portion 80 engages the outer surface of the catheter
hub 30 1o provide further restricted movement in the y-axis 92, As the catheter hub 30 travels
further into the needle protection member 70, the raised portion 72 continues o engage the
first channe! 34 and subsequently the second channel 36,

[B058] The assembly of the needle protection member 70 and the catheter hub 30 is
performed as 2 manufacturing subassermbly process. The clinician is not involved in this
subassembly process. The clinician only separates the needle protection member 70 from the
catheter hub 38 after the catheter assembly 10 is used.

[O0B9]  Figure 9 tllustrates the catheter hub 30 fully engaged to the needle protection
member 70. In this position, the spring clip 66 engages the collar 31 o lock the catheter hub
34 1o the needie protection member 70, The width 46 and the length 48 of the catheter hub
30 engaging the thickness 76 and the length 78 of the needle protection member 70
advantageously secures the catheter assembly 10 at one degree of freedom in the x-axis 90.
{0060] The depth 50 of the channel member 34 engaging the depth 79 of the raised
portion 72, as well as the opposing support portion 80 in the needle protection member 70,
advantageously secures the catheter assembly 10 at one degree of freedom in the y-axis 92.
Thus, the lateral movement in the x-axis 90 and the radial movement in the y-axis 92 between
ihe catheter hub 30 and the needle protection member 70 ave restricted. On the other hand,
the transverse motion in the z direction 94 betwesn the catheter hub 30 and the needle
protection member 70 ie still permitted.

00611  The connection mechanism between the catheter hub 30 and the needle protection
member 70 as described provides little to no support at the internal diameter of the catheter
fub 30. Nevertheless, the connection mechanism provides a significant benefit to the
catheter assembly 10 based on a simple geometry, relatively small features and fmproved
manufacturability, The catheter hub 30 is constrained by the needle protection member 70 to
minimize motion. Specifically, the length 78 of the needle protection member 70 and the
length 48 of the catheter bub 30 provide improved stability during insertion by the clinician
while reducing deflection in the catheter assembly 10, The improved rigidity provides the
clinician greater conirol.

[0063]  The connection mechanism advantageously does not require tight tolerances

which would impair manufactorability. Moreover, the connection mechanism is not a large
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feature that i difficult to manufacture and does nol increase the length or height of the
catheter assembly 10, That is, there are no large features in the catheter hub 34 that extend
arpund the exterior of the luer threads 32. These advantages inchuding the advantages
described above provide an improved catheter assembly 10 for the clinician to operate,
[O063] The foregoing detailed description of the certain exemplary embodiments has
been provided for the purpese of explaining the principles of the invention and its practical
application, thereby enabling others skilled in the art 1o undersiand the invention for various
embodiments and with various modifications as are suited to the particular use contemplated.
This description is not pecessarily intended to be exhaustive or to Hmit the invention to the
precise embodiments disclosed. Any of the embodiments and/or elements disclosed herein
may be combined with one another to form various additional embodiments not specifically
disclosed, as long as they don’t contradict cach other. Accordingly, additional embodiments
are possible and are intended to be encompassed within this specification and the scope of the
ivention. The specification describes specific examples to accomplish 2 more general goal
that may be accomplished in another way.

7% 68

[GG84] Asused in this application, the terms “front,” “rear,” “upper,” “lower,”

>

“gpwardly,” “downwardly,” and other orientational descriptors are intended {o facilitate the
description of the exemplary embodiments of the present invention, and are not intended to
limit the structure of the exemplary embodiments of the present invention to any parfiondar
position or orientation. Terms of degree, such as “substantially” or “approximately” are
understood by those of ordinary skill to refer to reasonable ranges outside of the given value,
for example, general tolerances associated with manufacturing, assembly, and use of the

described embodimenis.
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