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SELF-PRIMING SYSTEMS AND METHODS

RELATED APPLICATIONS

[Baa1] This apphication claims the benefit of U.S. Provisional Apphication No.
61/935,802, filed February 4, 2014, titled SELF-PRIMING SYSTEMS AND
METHODS. The entire contents of the above-identified patent application is incorporated
by reference herein and made a part of this specification.

[B362] This application also hereby incorporates by reference the entire
disclosures of UK. Patent Application Serial No. 14/199,836, entitled “MEDICAL
CONNECTORS WITH FLUID-RESISTANT MATING INTERFACES,” filed on March
6, 2014, now published as US-2014-0246616 A1, and of International Patent Apphication
Serial No. PCT/US2013/069312, entitled “MEDICAL CONNECTOR,” filed on
November 8, 2013, now published as WO 2014/074929,

BACKGROUND
Field

[683] Certain  ecmbodiments  disclosed herein relate to vascular access
systems and methods. Some embodiments relate to systems and methods to remove thad

from vascular access systemas.

Description of the Related Axt

10684] In various medical procedures, medical professionals need to access

patients” veins and/or arterics.  For example, a peripheral venous catheter, a contral
renous catheter, or another tube can be placed into a vein. Once in the vein, the catheter
can be used to deliver medication or fluids. The catheter can also be used to draw blood
samples.

0885] Vascular access can inciude placing a needle in a vein. The needle can
then be removed while a tobe {c.g., a cannula) romains in the vein and provides a fluid
path between the vein and an external asscmbly.

{8086] Gas embolism is one potential complication associated with vascular
access. (Gas, such ag air, located inside of a vascular access device can enter a patient’s
blood (ie., circolatory system). During venous access, most gas emboli are stopped by

the hings, which can reduce the likelihood of complications. (as emboli during arterial
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access can result in higher complication rates. In spite of advances in medical cquipment
and procedures, gas embolism remains a significant risk.  Thus, there is a need for

medical equipment and procedures that reduce the risk of gas embolism.

BRIEF SUMMARY

{B0871 {n various embodiments described herein, a vascular access system can
be cenfigured to remove gas and to remove at least 2 portion of a piercing member from a
vascular access system.  in some crubodiments, removal of gas and of the piercing
member can be performed by the same action, such as by withdrawing a plunger. This
can help minimize the possibility of operator crror and increase the efficiency of a
procedure. In some embodiments, gas can be removed first and the piercing member can
be removed second. In some embodiments, the piercing member can remain fixed while
gas is removed. In some embodiments, removal of gas and of the piercing member can
occur stmutancously. In some embodiments, a vascular access systen can be configured
such that the same action that removes gas can also draw blood tuto the vascular access
system fo confirm proper placement of the piercing member. In varicus embodiments
bleod can be drawn imto the vascular access system simultancously with or before
removing a piercing member from a vascular access system.  In some embodiments,
bleod can be drawn into the vascular access systers while the piercing menber remains
fixed within the vascular access systern. These various embodiments can further increase
the efficiency of the system and minimize the risk of crrors.

{0608] In some embodiments, blood can also be drawn into the vascular
access systom to prime 2 medical connector, such as a ocedleless medical connector,
Relying on a paticnt’s own blood to prime the medical connector can minimize the steps
required to usc the vascular access system. In various embodiments, blood can be drawn
into a medical connector to prime the medical coonector with the same actions used to
remove gas and/or draw bloed to confirm placement of the picrcing member. In some
cmbodiments, g medical connector can be primed or partially primed while a picrcing
member remains fixed within the vascular access system.  In some cmbodiments, a
medical connector can be primed or partially primed before a piercing member is
removed from the vascular access system.

10609] In some embodiments, a vascular access system can comprise a first

barrel, sccond barrel, and a plunger. The plonger can comprise a {irst shaft and a second
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shaft, wherein the first shaft is shidably coupled nside at least a portion of the first barre
between a first position and a second position, and the second shaft is shidably coupled
mside at least a proximal portion of the second barrel between a first position and a
second position. A vascular access system can comprise a piercing member coupled to
the second shaft, the piercing member movable from a first position in which a distal tip
of the piercing member extends from a distal portion of the second barrel to a second
position in which the distal tip s retracted into the second barrel. A vascuolar access
system can comprise a first reservoir located inside of the first barrel such that shding
the first shaft proximally relative to the first barrel increases a volume of the first
reservoir.  In several embodiments, the phmger is configured such that moving the
phlunger proximally relative to the first barrel simultancously retracts the piercing member
and increases the volume of the first reservoir,

{0610] In some embodiments, the first barrel and the second barrel are
oriented parallel relative to ecach other or at an angle relative to cach other. The first
barrel can be located o a fivst position that is fixed relative 1o the sccond barrel. The frst
barrel can comprise a first central axis and the second barrel can comprise a second
central axis. An angle between the first contral axis and the second central axis can be
less than or equal 1o abowt 235 degrees.

6011} In several embodiments, a vascular access system comprises a phunger
handle coupled to the first shaft and to the second shaft such that moving the phinger
handle proximally increases the voiume of the first reserveir and at least partially reiracts
the picrcing member. The plunger can comprisc a third shaft and a protrusion coupled to
a distal portion of the third shaft. The protrusion can extend perpendicularly relative to
the third shafi. The first shaft, the second shaft, and the third shaft can be oriented
paralicl relative to cach other or they can be angled relative to cach other.

{80121 In some cmbodiments, the piercing member remains in the first
position until the vohume of the first reservoir has been icreased by a threshold volume.
In some cases, the picreing member moves to the second position when the volume of the
first reservoir has been increased by a vohume greater than the threshold volume. In some
cases the threshold volome is greater than | cubic centimeter.  According o some
variants, when the piercing member 13 in the first position the distal tip of the piercing
member is a generally constant distance from the distal portion of the second barrel. In

some embodiments, the second barrel comprises flexible locking arms having a locked
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position configured to lock the plercing member axially relative to the second barrel and
an unlocked position in which the piercing mermber can move axially relative to the
sccond barrel. In some cases, a biasing member couples the piercing member to the
second shaft. According to some variants, the vascular access system includes a piercing
member holder coupling the piercing member to the biasing member.

16013] In some embodiments, a vascular access system can be configured to
concurrently romove gas and a piercing member from a catheter assembly. A vascular
access system can comprise a catheter comprising a first passage and a picreing
member oriented coaxially with the first passage.  The piercing mcember can be
configured to shide out of the first passage of the catheter. A vascular access system can
comprise a fluid removal syringe comprising a fluid reservoir and a plunger.
The fluid removal syringe can be configured such that shiding the plunger proximally
expands the fluid reservoir. The plunger can be coupled 1o the piercing member such that
shding the plunger proximally causes the piercing member to retract proximally. The
system can nclude a second passage that fluidly couples the first passage radially
outward te the tluid removal syringe. The second passage can be configured such that
fluid can tlow radially outward from the first passage to the fluid removal syringe.

i6014] Some embodiments include a guide baving a fimnel portion, a
cylindrical portion, and an inner channel. The proximal portion of the catheter can be
located inside of the cylindrical portion of the guide. The guide can be configured to
direct the piercing member towards the catheter as the picreing member passcs through
the inoer channel of the guide. The guide can be metal or plastic.

188157 In several embodiments, a vascular access system can comprise a
phinger handle and a syringe. The syringe ¢an comprise 8 plunger and a fluid reservoir
having a volume. The planger can be coupled to the planger handle. The syringe can be
configured such that moving the phimger proximally increases the volume of the fluid
reservoir. A piercing member can be coupled to a shaft that is coupled to the phinger
handle. The shaft can be coaxial with the pilercing member. The syringe can be located
radially outward from the shaft and beside the shaft. A vascular access system can
comprise a catheter wherein at least a portion of the piercing member can be located
inside of the catheter.

{8016} In some embodiments, a piercing member can conprise a needle

having a distal tip and a solid proximal portion. The needle can comprise a passage that
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fluidly couples a first hole in the distal ip with a second hole located proximally relative
to the distal fip. The sccond hole can be located distally relative to the solid proximal
portion,

10817] Several embodiments melude a housing that couples a catheter 0 a
syringe. A catheter can be coaxial with the plercing member.  Some embodiments
include a lever arro having a distal portion located distally relative to a pivot and a
proximal portion located proximally relative to the pivot. The pivot can couple the lever
arm t0 the syringe. The syringe can comprise a contral axis. The distal portion of the
lever arm can comprise a first tooth that extends perpendicularly relative to the central
axis. The housing can comprise a second tooth that extends perpendicularly relative to
the central axis. The first tooth can be configured to contact the second footh o hmit
proximal movement of the syringe relative to the housing. The first tooth can extend
radially joward relative to the central axis. The second teoth can extend radially outward
relative to the contral axis. The lever arm can be configured such that pressing the
proximal pertion of the lever arm radially joward can move the first tooth radially
outward such that the first tooth o longer Hmits the proximal movement of the syringe.
A plunger handle can comprise a slidable blocking bar located radially inward from the
proximal portion of the lever arm. The blocking bar can be in a distal position to inhibit
ot prevent the proximal portion of the lever arm from moving radially foward far enough
to allow the first tooth to no longer Himit the proximal movement of the syringe relative to
the housing.

{6018] In several embodiments, a syringe can comprise a central axis. The
distal portion of the lever arm can comprise a first tooth. The housing can comprise a
distally facing surface oriented at an angle within about 75 degrees to about 105 degrees
relative to the contral axis. The first tooth of the lever arm can contact the distally facing
surface such that the first tooth can be configured to limit proximal motion of the syringe
relative {o the housing unless the proximal portion of the lever arm is moved radially to
move the first tooth away from the distally facing surface.

{B019] In some embodiments, the syringe can comprise a flow controller. The
distal portion of the lever arm can comprise a second tooth located proximally relative to
the first tooth. A proximal protrusion can hold the flow controller in an open position.

{66281 In several embodiments, the distal portion of the lever arm can

comprise a first tooth and a second tooth. The second tooth can be located proximally
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relative to the first tooth. The housing can comprise a distally facing surface oriented at
an angle within about 75 degrees to about 105 degrees relative to the central axis of the
syringe. The second tooth of the lever arm can be attached to the distally facing surface
such that the second tooth is configured to limit proximal motion of the syringe relative o
the housing. Contact between the second tooth and the distally facing surface can press a
proximal protrusion against the flow controller to hold the flow controlier in an open
position.

{6621] In some embodiments, a barrel can be oriented coaxially with the
piercing merber. A portion of the shaft can be located inside of the barrel. The plunger
handle can be located proximally relative to the bamrel  The syringe can be located
outside of the barrel. The picrcing menber can be configured 1o retract into the barrel.

i6622] Some embodiments include a ratchet assembly configured to allow
proximal motion of the plunger handle relative to the syringe and/or configured to block,
prevent, and/or inhibit distal motion of the plunger bandle relative to the syringe. The
raichet asserubly can comprise a finecar rack coupled to the plunger handle and a pawl
coupled to the syringe. In some embodiments, the ratchet assembly can comprise a lingar
rack coupled to the syringe and a pawl coupled to the plunger handle. The lincar rack can
comprise at least two teeth, at least three tecth, or at least five feeth. The pawl can
comprise a protrusion that extends towards the tecth of the linear rack. Each of the three
tecth can comprise a distal face oriented at an angle of greater than or equal to about 115
degrecs and/or less than or equal to about 155 degrees relative 1o a distal end of a contral
axis of the syringe.

{60231 In several embodiments, a vascular access system can be configured o
concurrently remove gas and at least a portion of a piercing member from a vascular
access assembly. A vascular access system can include a plunger assembly comprising a
first plunger and a shaft. The shaft can be located radially outward from the first plonger.
The first plunger and the shaft can be coupled by a base. The first plunger and/or the
shaft can extend distally from the base.

{80241 Some embodiments include a syringe comprising a fluid reservoir
having a volume. At least a portion of the first plunger can be located inside of the
syringe. The syringe can be configured such that moving the first plunger proximally
relative to the syringe can increase the volume of the fluid reservoir. A first passage can

¢ located n a catheter. A sccond passage can be located in a connector that can couple
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the catheter to the syringe. The second passage can be configared to be placed in fluid
communication with the fluid reservoir. A third passage can be configured to fluidly
couple the first passage to the second passage to enable thid communication from the
first passage to the fluid reservoir. A piercing member can be coupled to the shaft of the
phunger assembly. The piercing member can be located at least partially inside of the first
passage. The piercing member can be configured to retract proximally out of the first
passage. The vascular access system can be configured such that moving the plunger
assembly proximally relative to the syringe concurrently proximally retracts the piercing
member and commmumicates fluid from the fivst passage to the thad reservoir.

10825] o several ceibodiraents, the second passage can be oriented parallel to
the first passage and/or the third passage can be oriented perpendicular fo the first
passage. Some embodiments comprise a tube that couples the connector to the catheter.
At least a portion of the third passage can be located inside of the tube. A clamp can
removably couple the connector to the catheter. The clamp can be a C-shaped clarnap.

{06026] In some embodiments, a housing can have a distal passage and a
proximal passage. The tube can comprise a first end located in the proximal passage.
The tube can comprise a sccond ond coupled to the connector. At least a proximal
portion of the catheter can be located in the distal passage of the housing. The distal
passage and the proximal passage can be oricnied at an angle relative to cach other. The
angle can be at least about 25 degrees and/or less than about 70 degrees.

188271 In some embodiments, the connector can comprise a flow controlier
capable of opening and closing at least 8 portion of the second passage. The flow
controller can comprise a seal configured to biock, obstruct, occlude, and/or cover an exit
from the second passage.

{8028] In several embodiments, a method to remove gas and a plercing
member from a vascular access assembly can mchide obtaining a syringe comprising a
barrel, a plunger, and a fluid reservoir having a volume. The picreing member can be
coupled to the plunger. The syringe can be configured such that moving the phmger
proximally relative to the barrel increases the volame of the fhad reservoir and moves the
piercing member proximally relative to the barrel. Some methods mclude obtaining a
catheter comprising # passage configured to commumicate flaid to the fluid reservoir.
Several methods inclade opening a channel between the fluid reservoir and the passage of

the catheter by moving the syringe distally relative to the catheter.
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[6629] Some methods include extending the piercing member from a distal
end of the catheter and/or inserting the piercing member into a patient.  Several methods
melade retracting the plercing member proximally relative 1o the catheter while removing
the gas from the channel

{6638 In some embodiments, methods include deternining if blood from the
patient is tlowing into the passage and/or deternvning if blood from the patient is flowing
into the fluid reservoir. Opening the channel can comprise moving the plunger distally
relative to the catheter. Opening the channel can comprise moving a flow countroller to an
open position. The flow controller can comprise a seal configured to block an exit of the
chanuel. Opening the chamnel can comprise compressing the seal to unblock the exit.
Some methods inchide locking the channel in an open position to allow fluid
communication between the passage of the catheter and the fluid reservoir.

i6031] In some embodiments, retracting the piercing member proximally
relative to the catheter while removing the gas from the channel can comprise moving the
phuinger proximally while activating & onc-way raichet asscmbly configured to aliow
proximal movement while blocking, impeding, proventing, and/or inhibiting distal
movement of the plunger relative to the barrel. The one-way ratchet assembly can
inchude teeth and/or a pawl.

{80321 Several methods include disengaging a lock that couples the syringe to
the catheter and then decoupling the syringe from the catheter. The lock can include at
least one tooth and/or protrusion that contacts and/or interferes with a surface, which can
be a distally facing surface.

188331 In various embodiments, a method of using a vascular access system o
place a catheter in a patient can nclude providing a vascular access system that mcludes a
phimger housing, a plunger assembly slidably positioned within the plunger housing, 2
catheter housing connected to the plunger housing, a catheter connected 1o the catheter
housing, and a piercing member having a first position in which the piercing member
extends through the catheter and a distal tip of the piercing member is outside of the
catheter. The piercing member and catheter can be inserted into a blood vessel of a
patient. The plunger assembly can be drawn proximally relative to the plunger housing to
draw blood into the catheter while the piercing member remains in the first position. In

some embodiments, the plonger assembly can be drawn proximally relative to the phimger
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housing 1o retract the distal tip of the piercing member into the plonger housing. The
catheter housing can then be disconnected from the plunger housing.

[B634] Several metheds include drawing blood into the piercing member
when drawing blood into the catheter.  Some metheds nclude confirming that blood is
drawn into the catheter before contimuing to draw the plunger assembly proximally
relative to the plunger bousing fo retract the distal tip of the plercing member into the
phlunger housing. In some embodiments, the vascular access systern further comprises a
medical connecter connected to the catheter housing and 1o the plunger housing. In some
cases, the method comprises drawing the plunger assembly proximally relative to the
phunger housing fo prime the medical connector. Several methods include discounecting
the medical connector from the plunger housing. In some emboduments, methods the
phlunger assembly s drawn proximally relative to the plunger bousing te prime the
medical connector after the plunger asscobly is drawn proximally relative to the plunger
housing to retract the distal tip of the piercing member inte the plunger housing. In some
cases, the distal tip of the picrcing member is a fivst distance from the catheter when the

piercing member is in the first posttion.

BRIEF DESCRIPTION OF THE DRAWINGS
0835] Various cmbodiments are depicted in the accompanying drawings for
illustrative purposes, and should in no way be interpreted as limiting the scope of the
embodiments. In addition, various features of different disclosed embodiments can be
combined to form additional embodiments, which are part of this disclosure.
180361 Figure 1 schematically illustrates a vascular access system that can

enable a medical professional to access a patient’s vascular system, according to some

embodiments.
{80371 Figire 2 schematically illustrates a vascular access system after a fluid

extraction assembly has moved fhnd into a portion of the fluid extraction asscmbly,
according to some embodiments.

{8038 Figure 3 schematically illustrates a vascular access system and a
portion of a patient, according o some embodiments.

{83391 Figime 4 schematically illustrates a plunger of the access extraction
assembly located in a more proximal position than shown in Figare 3, according to some

embodiments.
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[Ba40] Figure 5 illustrates a perspective view of a vascular access system,
according to some embodiments.

1841] Figure & illastrates a side view of the vascular access assembly,
according to some embodiments.

1060421 Figure 7 illustrates a perspective view cress section view of the
vascular access assembly of Figure 6, according to some embodiments,

[6843] Figure 8 ilhustrates a zoomed-in perspective view of the cross section
illustrated in Figure 7.

188441 Figure 9 illastraies a cross-sectional view of a connector, according to
some embodiments.

[80345] Figure 10 illustrates a cross-sectional view of a connector, according to
some embodiments.

[0846] Figure 11 illustrates a cross-sectional view of the connector of Figure
14, rotated 940 degrees.

[0847] Figure 12 illusirates a perspective view of a fluid comumunication
assembly without the comnector, according to some embodiments.

[6848] Figure 13 illustrates a side view of a catheter, according to some
e¢mbodiments.

[34649] Figure 14 illustrates a side view of the distal portion of the catheter

from Figure 13, according to some embodiments.

S Figure 15 illustrates a perspective view of a needle, according to some
embodiments.
106651] Figure 16 illustrates a perspective view of a fluid extraction assembly

and an access extraction asscmbly, according to some embodiments.

{68521 Figure 17 illustrates a back view of the extraction assembly, according
to some embodiments.

{00653] Figure 18 illustrates a cross-sectional view along line 18-18 from
Figure 17, according (o some embodiments.

18054] Figure 19 illustrates a close-up view of the phuinger tooth from Figure
18, according to some embodiments.

{B355] Figure 20 illustrates a front view of the plunger assembly, according

to some embodiments.

- 10 -
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{83561 Figure 21 illustrates a cross-sectional view of the vascular access
system in the first locked position, according to some embodiments.

{06571 Figure 22 illustrates a cross-sectional view of the vascular access
system in the second locked position, according to some embodiments.

0858] Figure 23 illustrates a cross-sectional view of a portion of a vascular
access system, according to some embodiments,

10859] Figures 24 and 25 illustrate cross-sectional views of an extraction
assembly coupled to a vascular access assembly, according to some embodiments.

[B868] Figure 26 illustrates a side view of a distal portion of the piercing
member, according to some embodiments.

{80611 Figire 27 iHustrates a side view of a distal portion of the piercing
member, according to some embodiments.

[0862] Figure 28 illustrates a porspective, cross-sectional view of a spring
retainer, according to some embodimenis.

[0863] Figure 29 illustrates a perspective view of a third seal, according to
some cmbodiments.

[B064] Figure 30 illustrates a perspective, cross-sectional view of the third
seal, according to some embodiments.

[8365] Figure 31 illustrates a perspective view of a vascular access system
that inchides a tube that couples a conpector to a catheter, according to some
embodiments.

{B366] Figure 32 illustrates a perspective view of a distal portion of the
vascular access system, according to some embodiments.

10867] Figure 33 illustrates @ perspective view of a distal portion of the
vascular access system in a first locked position, according to seme embodiments.

{0068 Figure 34 illustrates a cross-sectional view of the vascular access
system of Figure 31, according to some embodiments.

[0869Y] Figure 3§ iliustrales a perspective view of a housing, according to
some embodiments.

10870] Figure 36 illustrates a front view of a vascular access system,
according to some embodiments.

{8871} Figure 37 illustrates a cross-sectional view of the vascular access

system of Figure 36.

- 11 -
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{6872] Figure 38 illustrates a cross-sectional view of the extraction assembly
housing of the vascular access systern of Figure 36.

10673] Figure 39 illustrates a front view of a plunger assembly, according to
some embodiments.

16674} Figure 40 illustraics a crogs-sectional view of a plonger assembly,
taken along the line 40-40 of Figure 39.

[6875] Figire 41 illustrates a bottom view of the plunger assembly of Figure
39,

{8876] Figire 42 illustrates a fromt view of a piercing member holder,
according to some embodiments.

186771 Figire 43 illustrates a cross-sectional view of a piercing member
holder, taken along the line 43-43 of Figiwe 42.

[0878] Figure 44 illustrates a cross-sectional view of an extraction assembly
housing, taken along the line 44-44 of Figure 38, and including one embodiment of &
locking device of a plunger assembly.

163791 Figure 45 illustrates a perspective view of a vascular accoss sysiem,
according to some embodiments.

[H688] Figure 46 illustrates a cross-sectional view of a portion of the vascular
access system of Figure 45,

[6881] Figure 47 illustrates a cross-sectional view of a portion of the vascular

access system of Figure 45,

{B082] Figure 48 illustrates the vascular access system of Figure 45 witha cap
removed.
1883] Figure 49 illustrates the vascular access systern of Figure 48 with a

medical connector moved to a second locked position.

{0084} Figure 50 illusirates a side cross-sectional view of the vascular access
system of Figure 49,

[0885] Figure 51 ilhustrates a cross-sectional view of the vasculer access
system of Figure 50 with locking arms in an unlocked position.

16086} Figure 52 illustrates a cross-sectional view of the vasculer access
system of Figure 51 with a piercing member holder retracted.

{BORTY Figure 53 illustrates a perspective cross-sectional view of the vascular

aceess system of Figure 52 with a planger assembly partially withdrawn.
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[HO8E] Figure 54 illustrates a perspective cross-sectional view of the vascualar
access system of Figure 53 with the plunger assembly farther withdrawn.

{H689] Figure 55 illustrates a detailed view of a locking device of the vascular
access system of Figure 54,

160901 Figure 56 illustrates a perspective cross-sectional view of the vascular

access system of Figure 55.

10091 Figure 57 illustrates a view a medical connector in a second locked
position.
188521 Figure 58 illustrates a vigw of the medical conunector of Figure §7

removed from a connector holder.

[0883] Figure 59 illustrates a perspective view of an extraction assembly
housing removed from a medical connector and housing.

{8394} Figure 60 illustrates a cross-sectional view of a vascular access system,
according to some embodiments,

[0495] Figure 61 illustrates a cross-sectional view of an extraction assembly
housing, according to some crubodiments.

[B4196] Figure 62 illostrates a front view of a piercing member holder,
according to some embodiments.

[6897] Figure 63 illustrates a cross-sectional view of a piercing member
holder, takien along the line 63-63 of Figure 62.

{BG98] Figure 64 illustrates a front view of a plunger assembly, accordng to
some embodiments.

16899] Figure 65 illustrates a botiom view of the plunger asscrably of Figure

{0160] Figure 66 is a flow chart of one embodiment of a method for using a
vascular access sysiem.
{6161] Figure 67 is a flow chart of one embodiment of a method for using a

vascular access SYStem.

DETAILED DESCRIPTION
{81821 Althoagh certain embodiments and cxamples are disclosed herein,
inventive subject matter extends bevond the examples in the specifically disclosed

embodiments to other aliernative embodiments and/or uses, and to modifications and

13-
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equivalents thereof. Thus, the scope of the claims appended heveto 1s not limited by any
of the particular embodiments described below. For example, in any method or process
disclosed herein, the acts or operations of the method or process may be performed in any
suitable sequence and are not necessarily limited to any particular disclosed sequence.
Various operations may be described as multiple discrete operations in turn, n a manner
that may be helpfal in understanding certain embodiments; however, the order of
description should not be construed to smply that these operations are order dependent.
Additionally, the structures, systems, and/or devices described herein may be embodied
as mtegrated components or as separate components.  For purposes of comparing various
embodiments, certain aspects and advantages of these embodiments are described. Not
necessarily all such aspects or advantages are achieved by any particular embodiment.
Thus, for example, various embodiments may be carried out in a manner that achieves or
optimizes one advantage or group of advantages as taught herein without necessarily
achieving other aspects or advantages as may also be taught or suggested herein. No
feature, benefit, advantage, structure, or step disclosed herein s essential or
mdispensable.

{6183] The drawings illustrate certain embodiments and are not intended to be
tootting.  The drawings can be somi-diagragumatic and not to scale.  For clarity of
presentation and discussion, some portions of and/or dimensions in the drawings arc
shown greatly exaggerated. In some instances, certain relative characteristics {(e.g., height
ratios, angles, proportional distances, width ratios, ctc.) of the illustrated embodiments are
presented in a proportionally accurate manner, independent of the scale of the overall
Figures in which those embodiments are illustrated.

{0184 For expository purposes, the term “horizontal” as used herein is
defined as a plane parallel to the planc or surface of the floor of the area in which the
device being described is used or the method being described is performed, regardiess of
its orientation. The term “floor” can be interchanged with the term “ground.” The ferm

“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms such

as “above,” “below,” “bottom,” “top,” “side,” “higher,” “lower,” “upper,” “over,” and
“under,” are defined with respect to the horizontal planc unless otherwise indicated.
[B185] Figure 1 schematically illustrates a vascular access system 2 that can

enable a medical professional o access a patient’s vascular system {e.g., a circulatory

system},  Vascular access can cnable a8 medical professional to deliver medication or
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fluids to a patient’s circulatory system.  Vascular access can alse be used to draw blood
samples.

[6186] A vascular access systems 2 can include a vascular access assembly 6
configured to provide a fhuid path between a portion of the circulatory system (c.g., a
ein, an artery) and a device lecated externally to the patient’s body {c.g., a catheter, a
tube, a syringe barrel, an ntravenous therapy bag). The vascular access system 6 can
include a transcutancous assembly 4 configured 1o enable a medical professional to picree
a paticnt’s skin and cnter a vein or artery.  Some transcutancous assemblies 4 include an
access assembly 14, which can jnclude a plercing member such as a needle. Needles can
be made from 2 medical-grade metal. Some transcutancous assernblics 4 do not include
needles.  In some embodiments, piercing members are made from plastic (c.g., with a
hardness of about 75 Shore D to about 90 Shore D).

{0167} Prior to insertion into a patient, some vascular access assemblies 6
include fluid 20 (e.z., gas, air). If this fhuid 20 is allowed to enter the circulatory system
{c.g., the blood inside the patient), the fluid 20 can result in gas embolic complications.
Some vascular access systems 2 include structures for exiracting the fluid 20 from the
vascular access assembly 6. In some embodiments, for example as shown, a fluid
extraction assembiy 8 pulls the fluid 20 into a fluid communication asscrably 16 and then
into the fluid extraction assembly 8. The fluid communication assembly 16 can include a
passage that fluidly couples portions of the vascular access assembly 6 that contain the
fluid 20 with the fluid extraction assembly 8. A low pressure arca inside the fluid
extraction assembly 8 can cause the fluid 20 to flow through the passage in the fluid
communication assembly 16 and then into the fluid exiraction assembly & The low
pressure arca can be caused by a syringe or any suitable vacuum assembly, Figure 2
illustrates the fluid 20 afier the fluid extraction assembly 8 has moved the fluid 20 into a
portion of the fluid exiraction asscubly 8.

{B168] The access assembly 14 can pose a risk to medical professionals. For
example, if the access assembly 14 includes a needle {or other sharp piercing member),
medical professionals could inadvertently pierce their skin with the needle. This
accidental piercing (“needle stick™) could transfer blood from the patient to the medical
professional.  Blood transfer can transmit dangerous conditions such as human

immunodeficiency virus (“HIV™Y and hepatitis. Some embodiments inchude structores for
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reducing the risk of a medical professional inadvertently piercing skin with the access
assembly 14,

[61469] Referring now to Figares 1 and 2, several embodiments inchade an
access cxtraction assembly 12 configured to move an access assembly 14 from a
transcutancous assembly 4 tdo the access extraction assernbly 12, For example, sone
cmbodiments move & needle from a transcutancous assembly 4 into the aceess extraction
asscembly 12, which can shicld the needic from medical professionals and paticnts.

{0110 The transcutancous assembly 4 can be removably coupled to the fluid
communication agsembly 16, The vascular access assembly 6 (or a portion thereof) can
be removably coupled to the fluid extraction asserobly 8. The vascular access assembly 6
{or a portion thercot) can be removably coupled to the access extractor assombly 12, In
some cmbodiments, the fluid extraction assembly 8 is coupled and/or atiached to the
access exiraction assembly 12, although in some embodiments, the fluid extraction
assemibly ¥ is not coupled to the access extraction assembly 12, In some embodiments,
for example as shown, the fluid extraction assombly 8 includes a syringe with a plunger
configured to create a low pressure area to remove the fluid 20 from the vascular access
assembly 6. In some embodiments, the access extraction assembly 12 includes a plunger
coupled to the access assembly 14 such that moving the plunger proximally can cause the
access assembly 14 to move proximally. The piunger of the fluid extraction assembly 8
can be mechanically coupled to the plunger of the access exiraction assembly 12, Figure
2 illusirates a proximal direction 18 and a distal direction 22 (as indicated by dashed
arrows i,

{81131 In some examples, once the fluid extraction assembly 8 and/or the
access extraction assembly 12 has been decoupled from the vascular access assembly 6, a
tubing assembly 24 (c.g., a catheter) can be coupled to the vascular access assembly 6 to
enable a device located outside of the patient to be in fluid communication with a portion
of the patient’s circulatory system (e.g., a vein, an artery). In some embodiments, the
tbing assembly 24 is placed m fluid communication with the fluid communication
assembly 16, which is placed in fluid communication with the franscutancous assembly 4,
which is in fluid communication with a portion of the patient’s cirenlatory system. In
some embodiments, the tubing assembly 24 can be coupled to the vascular access
assembly before the fluid extraction assembly 8 and/or the access extraction assembly 12

has been decoupled from the vascular access assembly.
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i08112] Figure 3 schematically illustrates a vascular access system 40 and a
portion of a patient 44 (e.g., a patient’s arm). The system 40 can be the same or identical
to any of the other systems described herein and can include any of the features of those
other systems. A portion of the vascular access system 40 can pass through the skin of
the pationt 44 and into a blood channel 46 (¢.g., a vein, an artery).

10113] The vascular access system 40 can include a fluid extraction assembly
52. The fluid extraction assembly 52 can be removably or fixedly coupled to a vascular
access asserbly 48, In some embediments, the vascular access system 40 includes an
access extraction assembly 56 removably or fixedly coupled to the wvascular access
assembly 48, The vascular access assembly 48 can include a fluid comowmication
asscmbly 64, In some embodiments, the fluid communication assembly 64 is configured
to permit and/or restrict fluid convmunication between the vascular access assembly 48
and the fluid extraction assembly 52, In some embodiments, the fhid communication
assemibly 64 is configured to permit and/or restrict fluid communication between the
vascular accoss assembly 48 and the access gxtraction assembly 56, The vascular access
assemibly 48 can include one or more componenis {e.g., noedles, cannulas, catheters)
configured to facilitate fluid communication between the vascular access sysiem 40 and
an intornal fluid pathway {¢.g., vein, artery, digestive tract, airway, etc.) of a patient.

{8114} The fluid extraction assembly 52 can inchide a plonger 80 located at
least partially inside of a barrel 84. Plungers and barrels can be cylindrical, but do not
necessarily have to be cylindrical. The phimger 80 can be configured to be slidably
coupled to the barrel 84, The fhuid extraction assembly 52 can include a syringe.

{B115] Shiding the phinger 80 proximally can increase the vohune of a first
reservoir 88 (e.g., a fluid reservaoir), which can be located inside of the barre]l 84, In some
embodiments, the vohone of the first reservoir %8 can be increased from an initial vohume
of zeve or approximately zero. Increasing the volome of the first reservoir 88 can reduce
the pressure inside of the first reservoir 88, creating a negative pressure to draw fhud nto
the first reservoir 88, Opening a first flow controller 92 can open a fhud passage between
the first reservoir 88 and an internal portion 96 of the vascolar access assembly 48. The
mternal portion 96 can be an inner channel and/or a passage, such as a passage located
mside of the vascular acecss assembly 48.

{8116} In some embodiments, a flow controller allows fluid to flow through a

passage when the flow controller is in an open position and prevents {(or inhibits) fluid
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from flowing through the passage when the flow controller is in a closed position. Flow
controllers can be formed by valves and/or seals that open and close passages. The flow
controller can be and/or include a pump assembly, a valve assembly, a scaling assembly,
a scal assembly, a plog assembly, and/or a system that pumps and/or selectively scals. In
some embodiments, the flow controller is 8 valve that has an open position to allow fluid
to pass through the valve and a closed position that blocks fluid from passing through the
valve. In some embodiments, a flow controller is a cap or a plug configured to block
fluid flow when the cap or plug s in a closed posttion.

{61171 Once the first reservoir 88 and the internal portion 96 are in fluid
comumunication, fluid located inside of the internal portion 96 can flow iuto the first
reservoir 8%, Moving the plunger 80 proximally can cause the fluid to exit the vascular
access assembly 48 and enter the flnd extraction assembly 52.

{0118 The vascular access system 40 can also include an access extraction
assembly 56 configured to romove an access assembly from the patient 44 and/or from a
fluid comumunication assembly 64, The access extraction asscmbly 56 can inclede a
phunger 104 that can be mechanically coupled with a picrcing member 108 {c.g., a needle,
a cutting device, a sharp plastic spear, a tube configured to pierce skin). The plunger 104
can be slidably coupled to a barrel 112 such that at least a portion of the plunger 104 can
stide within the barrel 112.

6119} The access extraction assembly 56 can include a second flow
controller 120 configured o inhibit or prevent fhuid from inadvertently exiting the
vascular access assembly 48, In some embodiments, the piercing member 108 passes
through the sccond flow controller 120 such that the second flow controller 120 seals
against a portion of the piercing member 108 and/or such that the second flow controller
120 closes (e.g., blocks fhad flow) once the piercing member 108 is not fully mside or
not at least partially inside of the second flow controlier 120, The second flow controller
120 can be a scal through which a piercing member 108 can pass. In several
embodiments, the sccond flow controller 120 s n a closed position when the piercing
member 108 1s at least partially inside of the second flow controller 120 and when the
piercing member 108 is located outside of the second flow controller 120, In some
embodiments, the first flow controlier 92 and the second flow controlier 120 are formed

by one flow controlier. Several embodiments include more than two flow controliers.
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[6128] In some embodiments, a fivst phinger {e.g., 80) and a second plunger
(e.g., 104) are mechanically coupled suach that the first plunger is configured to move
proximally when the second plunger is moved proximally {and vice versa). In several
cmbodiments, the first plunger and the second plunger are not mechanically coupled such
that they can move independently of cach other. ¥n some embodiments, a first barrcl
{c.g., 84) and a second barrel {¢.g., 112} arc oriented paralicl relative to cach other {e.g.,
to move parallel to each other). In several embodiments, the first baree!l and the second
barrel are mechanically coupled such that they are orierded parallel relative to each other.

{0121] The fluid communication assembly 64 can include the first flow
condroller 92, the second flow controller 120, and/or the wdernal portion 96 (e.g., an
internal charmel, a passage). The fluid communication asserbly 64 can be configured to
cnable removing fluid from inside of the vascular access assembly 48.

i6122] Figure 4 schematically illustrates the vascular asccess system 40 in
which the plunger 104 of the access extraction assembly 56 is located in & more proximal
position than shown in Figure 3. The more proximal position of the plunger 104 results
in the picrcing member 108 being located outside of the transcutancous asscmably 64,
outside of the fluid communication assembly 64, and ouiside of the second flow
controller 120 (which can be a grommet and/or a scal constructed from a resilient or
flexible material such as, for example, robber or silicone). In some examples, upon
detachment of the access extraction assembly S6 from the vascular access assembly 48, a
tubing assembly 24 can be fhudly connected to the vascular access assembly 48 (e.g., to
the first or second flow controllers 92 120).

iB123] Figure § illostrates a perspective view of a vascular access system
140. The system 140 can be the same or identical to any of the other systems described
herein and can include any of the features of those other systems. The vascular access
system 140 can include a vascuolar access assembly 144, A fhad extraction assembly 148
can be removably coupled to the vascular access assembly 144, In some embodiments,
an access extraction assembly 152 is coupled (e.g., removably or fixedly) to the fluid
extraction assembly 148 and/or to the vascular access assembly 144, A cap 156 can
cover a distal portion of a picrcing member. The cap 156 can be a protective cover
configured to shield medical professionals from the piercing member.  The fluid

extraction assembly 148 can be a syringe and/or can mclude a syringe.
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{0124 A piercing member 160 {c.g., a needle) can be advanced from a
catheter 164 such that the picreing member 160 protrudes distally from the distal end of
the catheter 164, In Figure §, the piercing member 160 1s located at the distal end of the
vascular access system 140 and a plunger handie 172 is located at a proximal end of the
vascular access system 140, The plunger handle 172 can be mechanically coupled to
multiple plongers such that moving the plunger handle 172 distally and/or proximally
causes multiple plungers to move distally and/or proximally.

i6125] Not all itemns are labeled in cach figure in the interest of increasing the
clatity of particular ttems o cach figure. Many of the figures focus on different
cmbodiments, although many embodiments can be cormsbined to form assembly-level
cmbodiments and/or system-level embodinments.

{0126} Figure 6 illustrates a side view of the vascular access assembly 144,
The vascular access assembly 144 can include a8 connecior 220. The connector 220 can

¢ a fluid comnector and/or a mechanical connector. The conpecior 220 can be
configured {o place the vascular access assembly 144 in floid communication with the
fhuid extraction assembly 148 (shown in Figure 11). The connector 220 can mechanically
couple the vascular access assembly 144 to the fhuid extraction assembly 148, The
connector 220 can mechanically and fluidly couple (o the rest of the vascular access
assembly 144, The connector 220 can imchude threads 232 configured to threadably
couple with another portion of the vascular access system 140 or other complementary
medical device (¢.g., 2 syringe). In some embodiments, the conmector 220 is friction-fit
with a portion of the vascolar access system 140, In some embodiments, the connector
220 can be a needleless medical connector. iIn some embodiments, the connector 220 can
be configured to accommodate any standard medical conmector, sach as ANSI (American
National Standards Institute, Washington, D.C)) or other apphicable standards. Some
embodiments use a conmector that is a MicroClave® neutral displacement connector
commercially available from ICU Medical, Inc. Some embodiments use a connector that
is a Clave® needle-free compector commercially available from ICU Medical, Inc.
Several embodiments use different types of connectors, including those that do not
conform to recognized standards and/or don’t inchude internal conduits that engage a third
seal 720 of the vascular access system 140 (described below),

{81271 An outer housing 204 can encase at least a portion of the vasculdar

access assembly 144, A catheter support protrusion 200 can extend distally from the
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vascular access assermnbly 144 and/or from the outer housing 204 to support and/or
merease the rigidity of the catheter 164, The catheter 164 can be contigured to transmit a
patient’s blood and/or to transmit floid from an external device into a patient. The
catheter 164 can include one or more lumens.

10128] A plug 208 can be coupled 1o the vascular access asserubly 144 and/or
to the outer housing 204, For cxample, the plug 308 can comnect to a portion of the
asscmbly 144 via a first hinge 218, The first hinge 21% can be a hving hinge. The plug
208 can be a seal (e.g., a silicone seal, a gronunet) through which a piercing meomber 160
{e.g., a needle) can pass. In several ermnbodiments, the picrcing momber 160 can pass
from 2 portion of an access extraction assembly (e.g., a barrel of the access extraction
assembly 152 shown in Figure 5) and through the catheter 164, The plag 208 can be a
scal, such as a soft, silicone seal configured to inbibit or prevent fluid (e.g., blood) from
leaking out of the vascular access assembly 144 {c.g., by leaking around the perimeter of
a piercing momber). In some ombodiments, the plug 208 includes a seal made from a
material {e.g., a rubber) with a durometer that is between about 10 Shore A and about 90
Shore A. Several seal and/or plug embodimerds include seals molded from medical-
grade silicone with a durometer between about 35 Shore A and about 80 Shore A, Other
seals, grommets, and plugs are molded from other flexible or semi-flexible materials.

{6129} In several embodiments, the plag 208 is molded from a first material
and a seal is molded from a second maierial, which has a durometer that is at least 15
Shore A less than the durometer of the first material. The seal can be located inside of the
phig 208 such that the plug 204 at least partially surrounds the seal and a piercing
member 160 {(shown in Figure §) passes through the scal {e.g., a first seal 236 shown in
Figure 13, but hidden in many figures).

16136} The ocuter housing 204 can also inchide 2 second hinge 228, which can
be a living hinge. The second hinge 228 can couple a hoop 240 to the cuter housing 204,
The hoop 240, whick can be circular, can wrap around a8 proximal protrusion 250
configured to couple with the connector 220, In some embodiments, the hoop 244 is not
connected to a hinge. For example, the hoop 240 can be positioned aroond one or more
portions of the outer housing 204 via a friction fit.

{81314 As itlustrated in Figure 6, a hoop 240 can surround at least a portion of

the proximal protrusion 250, The hoop 240 can help couple the outer housing 204 to an
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mmer housing 350 (shown in Figure 7). The outer housing 204 can at least partially
surround and/or encase the mmner housing 350.

{6132] The catheter 164 can include 3 first contral axis 260 and the connector
220 can include a sccond cendral axis 264, The first central axis 260 can be paralicl to the
second cendral axis 264, In several embodiments, the lateral distance 268 between the
first contral axis and the second ceniral axis can be at least about 4 milliroeters and/or less
than or equal to about 75 millimeters; at [cast about 8 millimeters and/or less than or
equal to about 50 millimeters; or at least about 10 millimeters and/or less than or equal to
about 20 millimeters.

{0133] In several embodiments, for example as illusirated, the first central
axis 260 and the second central axis 264 can be oriented at an angle 272 relative to cach

~
‘
7

other. The angle 272 is in the plane that includes both the first central axis 260 and the
second contral axis 264, The angle 272 is the smallest angle in the plane between the first
central axis 260 and the sccond central axis 264, In some embodiments, the angle 272
ctween the first contral axis 260 and the second central axis 264 is greater than or cqual
to about zero degrees and/or less then or equal to about 90 degrees; greater than or equal
to about zero degrees and/or less than or equal to about 25 degrees; or greater than or
cqual to about 5 degrees and/or less than or equal to about 15 degrees.
i6134] In several embodiments, vascular access assemblies have fluid {(e.g.,
gas) located inside an internal portion of the vascular access assemblies. This fluid,
which can be a gas such as air, can cause air embolic complications if allowed to enter a
patient’s vascular system. For example, the vascular access assembly 144 can include
fhnd located instde of the vascular access assembly 144 (e.g., inside of the outer housing
204 and/or inside of a second passage 296). In some cmbodiments, methods of ose
inchade removing this fleid prior to transmitting fluids {(e.g., through a first passage 300 in
the catheter 164) into the patient,
[0135] To remove the fluid {e.g., a gas) from the vascular access assembly
144, blood from a blood channel 46 can flow into the first passage 300 of the catheter,
into a second passage 296, and then into a third passage 304 located mnside of the
connector 220. The blood can then flow nte a syringe {not shown). This blood flow can
remove fluid (e.g., the fluid in the vascular access assembly 144} from the vascular access

assembly 144 1o “prime” the vascular access assembly 144,
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{136} As illustrated In Figure 7, 8 second seal 280 {e.g., a tlow controller)
can block, close, and/or seal an exit 308 {e.g., an aperture) from the third passage 304
such that fluid is inhibited or prevented from moving past the second seal 280 from the
third passage 304, Moving the second seal 280G distally can unblock and/or unseal the
exit 308 such that fluid can move from the third passage 304 past the second seal 280,
Dashed lines 320, 324, 328 illustrate one way in which fluid and/or blood can travel
through the first passage 300, the second passage 296, and the third passage 304.
Mechanically coupling the counector 220 to the fluid extraction asscmbly 148 (shown in
Figure 22) can cause the second seal 280 to move distally to open the oxit 308, The third
passage 304 can be a chanuel configured to open (to allow thuid flow) and close (to block
and/or inhibit fluid flow).

{0137} The phug 208 can block, seal, and/or close a fluid path 292 from the
first passage 300 of the catheter 164, Unblocking, unscaling, and/or opening the plog 208
can cnable a medical professional (o establish fluid communication between an outside
device (e.g., a tube located outside of the patient, tubing assembly 24 in Figure 4} and the
catheter 164 such that the outside device is in fhuid communication with the blood
channel 46.

{8138] The ocuter housing 204 can be part of the fluid communication
assembly discussed previously. The fluid communication assembly can include at least a
portion of the first passage 300, the second passage 296, and/or the third passage 304,
The comnector 220 can include a portion of the flaid communication assembly.

{B139] The catheter sapport protrusion 200 can inclode a cylinder that is
oriented parallel to the catheter 164 and/or the piercing member 160 (shown in Figure 6).
The catheter support protrusion 200 can include a hollow portion and/or a channel in
which a portion of the catheter 200 and/or 2 portion of the piercing member 160 can be
located.

[0144] Although some embodiments use the commector 220 illustrated in
Figure 7, other embodiments include other types of mechanical connectors, fluid
connectors, and flow controllers. In some embodiments, as illustrated, a conmector 220
can include one or more circumforential projections or flanges, such as the
circumferential projection 238, that can extend completely or partially around the
connector. In some embodiments, the projection can be used to help attach the connector

to 4 flnd extraction assembly 148, as described in more detail below.
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{81411 In some embodiments, as described above, medical connectors for use
m a vascular access system may not conform o recognized standards. For example,
Figure 9 illustrates a cross-sectional view of one embodiment of a medical connector 22¢0°
that is not configured to conform to applicable connection standards. Such a connector is
disclosed in greater detail jn U.S. Patent Application Serial No. 14/199,836, entitled
“MEDICAL CONNECTORS WITH FLUID-RESISTANT MATING INTERFACES,
filed on March 6, 2014, now published as US-2014-0246616 A1, the entire disclosure of
which is hereby incorporated by reference and made part of the present specification.
This can be helpful where it is desirable that the particular conuector be used, since a
ditferend conmecter cannot be accidentally used with the systenm. In some embodiments,
the base 2217 of the medical connector may vot conform to cornection standards but the
threads 2327 or other upper commection mochanisme may.  In some embodiments, the
threads or upper connection mechanism may not conform to connection standards while
the base docs. In some emboduments, neither the upper connection mechanism nor the
basc conform to applicable connection standards.

{8147} in some embodiments, a medical connector may have a shoulder
instead of a projection. For example, Figures 10 and 11 illusiraies one embodiment of a
medical connector 22(1° that includes a shoulder 2307 instead of a circumterential
projection o help attach the connecior {o a fluid extraction assembly. Examples of
medical connectors having the same or similar features as medical connector 2207 are
further explained in International Patent Application Serial No. PCT/US2013/069312,
entitled “MEDICAL CONNECTOR,” filed on November 8, 2013, now published as WO
2014/074929, the entire content of which is hereby incorporated by reference and made
part of the present specification.

{B143] Figire 12 illustrates a perspective view of a fhad communication
assembly without the comector 220, In some embodiments, the fluid communication
assembly can include a locking tooth 224, A protrusion direction 290 of the locking tooth
224 can be oriented at an angle 294 relative to the first central axis 260 of the catheter
164. The angle 294 can be approximately 90 degrees. In several embodiments, the angle
284 is greater than or equal to about 45 degrees and/or less than or equal to about 135
degrecs; greater than or equal to about 60 degrees and/or less than or equal to about 120

<

degrees: or greater than or equal to about 80 deerees and/or less than or equal to about
£ . 2 5
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100 degrees. In some embodiments, the angle 294 13 greater than 75 degrees and less
than 105 degrees.

{8144} In some embodiments, the plug 208 can be unblocked, unsealed, or
opencd to cxpose the fluid path 292, As a result, the fluid path 292 can transmit fluid
through the catheter support protrusion 200 {(e.g., through a catheter) and into and/or out
of an extomal device (c.g., a tube, a cannula, an 1V bag) (not shown). In some
embodiments, fluid can also or alternatively flow through an internal channel 382 in the
catheter support profrusion 200, through the second passage 296, through a fourth
passage 368, and nto an nternal channel 382 in the proximal protrusion 250, Fluid can
also flow in the oppoestie direction.

{0145] In some embodiments, as illustrated in Figure 7, the inner channel 382
of the catheter support protrusion 200 can be oriented at an angle 386 relative to the
second passage 296. In scveral embodiments, the angle 386 is greater than or equal to
about 45 degrees and/or less than or equal to about 13§ degrees; greater than or equal to
about 6 degrees and/or less than or equal to about 120 deogrees; or greater than or equal
to about 80 degrees and/or less than or equal to about 100 degrees. In some
cmbodiments, the angle 294 is greater than abowt 75 degrees and less than about 105
degrecs.

{B146] The immer channel 378 of the proximal protrasion 250 can be oriented
at an angle 390 relative to the second passage 296, In several embodiments, the angle
390 1s greater than or equal to 45 degrees and/or less than or equal to about 135 degrees;
greater than or equal to about 60 degrees and/or less than or equal to about 120 degrees;
or greater than or equal to about 80 dogrees and/or less than or equal to about 100
degrecs. In some embodiments, the angle 294 is greater than about 75 degrees and less
than about 1{}5 degrees.

181471 In some embodiments, as illustrated in Figures 7 and &, a guide 284
can inhibit or prevent the piercing member 160 {(shown in Figure 5) from going through a
wall of the inmer housing 350, The guide 284 can be machined and/or formed from metal,
such as medical-grade stainless steel. An inmer channel 416 in the guide 248 can help
direct the piercing member 160 as it passes through the guude 284,

[0148] The guide 284 can include a funmel portion 400 and a substantially
cylindrical portion 404, In some embodiments, the funnel portion 400 can be located

outside of a proximal end of the catheter and the substantially cylindrical portion 404
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and/or a distal portion 408 can be located inside of an inner channel (e.g., a lumen) of the
catheter 164. The funnel portion 400 can include a fimnel angle 412, In several
embodiments, the angle 412 1s greater than or equal 1o about 15 degrees and/or less than
ot equal to about 75 degrees; greater than or equal to about 25 degrees and/or less than or
equal to about 65 degrees; or greater than or equal to about 35 degrees and/or less than or
equal to about 55 degrees. In some embodiments, the angle 294 is greater than abount 30
degrees and less than about 60 degrees. In several embodiments, the angle 294 1is
approximately 45 degrecs.

10149] Although many differcot shapes of cuter housings 204 are used in
various embodiments, some embodiments include at least one plug 208 and a ring, such
as a hoop 240. An exit hole 450 can enable at least a portion of a piercing member 160, a
catheter 164, a guide 284, and/or an inner housing 350 (not shown) to pass through at
least a portion of the outer housing 204, In some embodiments, the outer housing 204 15
integrated with at least one other component described herein. In some embodiments, the
outer housing 204 1s not necessarily a separate coraponent.

{0156] Figure 13 ilhustrates a side view of a catheter 164, The catheter 164
can include a distal portion 454 and a proximal portion 458, Figure 14 illustrates a side
view of the distaf portion 454 of the catheter 164, Referring now to Figures 13 and 14,
the distal portion 454 of the catheter can include a tapered end 462 having a distal-most
cdge 455, The tapered end 462 can help widen an opening made by a picrcing member in
a paticnt’s tissue as the catheter is inscried into the opening. The catheter can have an
inmer diameter 1D at the distal most edge 455 of the tapered end 462, In some
cmbodiments, the inner diameter [Py can remain generally constant along the length of
the catheter. In some embodiments, the inner diameter of the catheter can vary.

{181} The proximal portion 458 of the catheter 164 can be located tuside of
the guide 284, the outer housing 204, and/or the nner housing 350 (shown in Figures 7
and 11}, Referring now io Figore 7, the phig 208 and/or the second passage 296 can be
located proximally relative to the proximal portion 458,

{B152] Figure 15 illustrates a perspective view of a needle 106, which canbe a
type of piercing member {(e.g., 160 in Figure 16). The needle 106 can include a proxamal
portion 102 coupled to the slot 670 of the shaft 484 illustrated in Figure 37. The needle
106 can include a distal tip 98 and a lumen. The needle can have an outer diameter O

at the distal tip 98. In some embodiments, the outer diameter can be constant along the
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length of the needle. In some embodiments, the cuter diameter O can be greater than
the inner diameter 1Dy of the catheter. In such embodiments, the needie can expand the
catheter in order to pass through, This can help create a seal between the catheter and the
needle 106 such that when the needle and catheter are within a patient’s blood vessel,
blood will be prevented or substantially prevented from flowing between the ncedle and
the catheter. In various embodiments, these dimensional relationships can exist for other
types of catheters and for other types of plercing members 160,

10183] Figure 16 illustrates a perspective view of the fluid extraction
asscmbly 148 and the access extraction assembly 152, Figure 16 generally shows the
frout of the extraction assembly 464, The extraction assembly 464 can jnclude the fluid
extraction assombly 148, the access extraction assembly 152, and a plunger handle 172,

{01841 In several embodiments, the fhuid extraction assembly 148 and the
access extraction assembly 152 are mechanically coupled together. A single phunger
handle 172 can be configured to operaic the fluid extraction assembly 148 and the access
cxtraction assembly 152, In several cmbodiments, the piunger handic 172 simultancously
and/or concurrently operates the fluid extraction assembly 148 and the access extraction
assembly 152,

iB155] The access extraction assembly 152 can include a piorcing member
160. Moving the plunger handle 172 proximally can retract the piercing member 160 and
can cause the fluid extraction assembly 148 to remove fluid {¢.g., air, bodily fhuid) from a
vascular access assembly 144 (shown in Figure 12).

[8186] Figure 17 illustrates a back view of the extraction assembly 464, The
fhid extraction asscmbly 148 can inchude a first barrel 470 and a first plunger 474 (which
can be a shaft or rod). The first barrel 470 and the first plunger 474 can be part of a
syringe configured to remove fluid and/or prime a vascular access assembly. The first
phinger 474 can be slidably coupled to the first barrel 470 such that the first plunger 474
can be configured to slide within at least a portion of the first barrel 470.

{81571 The first barrel 470 and the first plunger 474 can nclude cylindrical
portions. In some embodiments, more than 50% of the external surface of the barrel 470
is evhindrical. In several embodiments, the first barrel 470 and/or the first plunger 474 do
not fnclude eylindrical portions.

{3158 The access extraction assembly 152 can include a second barrel 480

and a shaft 484, The shaft 484 can be a second plunger. In some embodiments, the shaft
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484 is a protrusion that is greater than or equal to abowt 50 milimeters (“mm™) long

{

(measured in the proximal-distal direction) and less than or equal to about 10 mm wide
(measured perpendicularly relative to the length). In several embodiments, the shaft is
greater than or equal to about 20 wm long and/or less than or equal 1o about 250 nm
long; greater than or equal to about 40 nmm long and/or less than or equal to about 150
mm long; or greater than or equal to about 50 mm long and/or less than or equal to about
120 mom long. The shaft 484 can be slidably coupled to the sccond barrel 430 such that at
least a portion of the shaft 484 is configured to shide inside of at least a portion of the
second barrel 480,

{6159) The first barrel 470 can have a third central axis 490, The second
barrel 480 can bave a fourth cendral axis 494, In some embodiments, for example as
illustrated, the fust barrel 470 is parallel 1o the second barrel 480. Tn several
cmbodiments, the first barrel 470 can be oriented at an angle 504 relative 1o the second
barrel 480, The third central axis 490 and the fourth central axis 494 can be oriented at
an angle 504 relative to cach other. The angle 504 is in the planc that includes both the
third central axis 490 and the fourth contral axis 494, In some cmbodiments, the angle
504 between the third central axis 490 and the fourth contral axis 494 1s greater than or
equal to about zero degrees and/or less than or equal to about 45 degrees; greater than or
cqual to about zero degrees and/or less than or equal to about 15 degrees; or greater than
or equal to abowt | degreec and/or less than or equal to abowt 5 degrees. In some
cmbodiments, the angle 504 is cqual to or greater than about zero degrees and/or less thag
about 4 degrees.

{6160 In some embodiments, the plunger assembly 510 can include a locking
device 514 {c.g., which can be a shaft, a rod, or a shdable biocking bar). The locking
device 514 can be configured to allow the plunger asscmbly 510 to slide in the proximal
direction 180 while impeding sliding and/or preventing sliding in the distal direction 176.
In some embodiments, the locking device 514 can be configured to prevent movement
and/or to impede movement in the distal direction and/or proximal direction 184,

{8161} As wvsed herein, “radially outward” means radially outward from a
central axis of the reference item. For example, in Figure 17, the first barrel 470 {c.g.,
part of a syringe) 18 located radially outward from the shaft 484, which is located mside

of the second barrel 480.
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{6162] Figure 18 illustrates a cross-sectional view along line 18-18 from
Figure 17. The extraction assernbly 464 can include teeth 608 configured to contact a
phunger tooth 598 on a locking device 514 (not all of the tecth 608 arc labeled). The teeth
608 can be fixed to a portion of the extraction assembly 464 such as the first barre] 470,
the second barrel 480, the thid exiraction assombly 148, and/or the access extraction
assembly 152 (shown in Figure 17). The toeth 608 and the plunger tooth 598 can form a
ratchet assembly counfigured to allow proximal movement and to prevent, impede, and/or
hinder distal movement. This can help inhibit or prevent & piercing member from being
accidentally exposed once it has been pulled futo the access extraction assembly 1532, In
some cmbodimaents, the ratchet assembly allows the plunger assembly 510 1o siide
proximally while at least a portion of the first plunger 474 18 located mside the first barrcl
470 and while at least a portion of the shaft 484 is located inside the sccond barrel 480
{shown in Figurc 17). To several cmbodimerds, the raichet assombly hinders, impedaes,
laits, and/or prevents the plunger asserobly 510 from sliding more than a certain amount
distally whilc at least a portion of the first plunger 474 is located inside the first barrel
470 and while at least a portion of the shaft 484 is located inside the sccond barrel 480
{shown in Figurc 17). In some embodiments, the cortain amound is determained by the
thickness of the plunger tooth 598 along the third central axis 490 (shown in Figure 17)
compared to the distance between the teeth 608, For example, in scroe crubodiments, the
phunger tooth 598 can slide distally and/or proximally between a fivst tooth 608a and an
adjacent tooth 608b (as shown in Figare 19).

{8163] Some embodiments inclode a ratchet assembly 602 In Figure 18, the
ratchet assembly 602 is shown in & dashed box. The ratchet assembly 602 can be a one-
way ratchet asscmbly. The ratchet assembly 602 can include a hinear rack 646 and a pawl
{c.g., the plunger tooth 598). The Hnear rack 606 can include multiple toeth 608, The
phinger tooth 598 can be a protrusion that extends towards the teeth 608 of the lincar rack
606.

LT Figire 18 ilhustrates the phmger tooth S98 located distally relative to
the teeth 608, Figure 19 illustrates a close-up view of the phimger tooth 598 from Figure
18, positioned in a more proximal position. Each tooth 608 can inchide a distal face 612
and a proximal face 616, The distal face 612 can be oriented at an angle 620 relative to
the third central axis 490 as shown in Figure 19. In some cmbodiments, the angle 620 is

configured to enable the phunger tooth 598 to slide proximally past the teeth 608, At least
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a portion of the locking device 514 can deform away from the teeth 608 to enable the
phunger tooth 598 to clear each tooth 608, In some embodiments, the angle 620 1s greater
than or equal to about 100 degrees and/or less than or equal to about 175 degrees; greater
than or equal to about 110 degrees and/or less than or equal to about 160 degrees; greater
than or equal to about 120 degrees and/or less than or cqual to about 160 degrees; or
approximately 135 degrees. In several embodiments, the angle 620 1s greater than about
115 degrees and/or less than about 155 degrees.

{h165] The locking device 514 can have a fifth central axis 630, The plunger
tooth 398 can protrude away from the fifth central axis 630 at an angle 634, In several
cmbodiments, the angle 634 is approximately 90 degrees. In some cmbodiments, the
an

13

gle 634 1s greater than or equal to about 45 degrees and/or less than or equal to about
5 degrees; greater than or equal to about 65 degrees and/or less than or equal to about
115 degrees; or greater than or equal to about 80 degrees and/or less than or equal to
about 100 degrees. In some embodiments, the angle 634 is less than about 105 degrees
and more than about 75 degrees.

{B166] Figure 20 illustrates a frount view of the plunger assembly 510, The
first plunger 474 can inchude 8 plunger seal 650 located on a distal end of the first phinger
474, The plunger seal 650 can be configured to form a fluid scal against a portion of the
inside of the first barrel 470 (shown in Figure 17). In some cmbodiments, the phinger
seal 650 can be made of silicone. In some embodiments, the plunger seal 650 can inchude
at least one O-ring and/or at least onc wiper seal. The first plunger 474 can include a
sixth contral axis 654,

{B167] The plonger assembly S10 can include a shaft 484 with a seventh
central axis 658. A distal end of the shaft 484 can include a coupler 662 configured to
mechanically couple the shaft 484 to a piercing member 160 (shown in Figore 16). The
coupler 662 can be a slot 670 in the distal end portion of the shaft 484, A proximal
portion of a picrcing member can be configured to fit within the slot 670,

[0168] In several embodiments, the first phinger 474, the shaft 484, and/or the
locking device 514 are approximately parallel to each other. In some embodiments, the
first plunger 474 (or the sixth central axis 654) 1s oriented at an angle relative 1o the shaft
484 (or the seventh central axis 638), wherein the angle can be greater than or equal to
about zero degrees and/or less than or equal to about 15 degrees; greater than or equal to

about zero degrees and/or less than or equal to about 10 degrees; or greater than or equal
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to about zero degrees and/or less than or equal to about 5 degrees. In some embodiments,
the first plunger 474 (or the sixth central axis 654) is oriented at an angle relative to the
locking device 514 {or the fifth central axis 630), wherein the angle can be greater than or
equal to about zero degrees and/or less than or equal to about 15 degrees; greater than or
equal to about zero degrees and/or less than or equal to about 10 degrees; or greater than
or equal to about zero degrees and/or less than or equal to about 5 degrees. In some
embodiments, the shaft 484 (or the seventh central axis 658) is oriented at an angle
relative to the locking device 514 (or the fifth central axis 6303, wherein the angle can be
greater than or equal to about zero degrees and/or less than or equal to about 15 degrees;
greater than or equal to about zero degrees and/or less than or equal to about 10 degrees;
or greater than or equal to about zero degrees and/or less than or equal to about 5 degrees.

{0169] In some embodiments, the shaft 484 extends farther distally than the
first plunger 474 and/or the plunger scal 650, The shaft 484, the first plunger 474, and/or
the plunger scal 650 can extend farther distally than the locking device 514, In some
cmbodiments, the shaft 484, the first plunger 474, and/or the locking device 514 extend
from a base 674 that is oriented perpendicularly relative te the shaft 484, the first plunger
474, and/or the locking device 514, The first plunger 474 and the shafi 484 can be
located at least partially within barrels while the locking device 514 1s located outside of
and/ot between the barrels.

{6170 The first plunger 474, the locking device $14, and the shaft 484 can be
protrusions that extend in a distal direction from a base 674, In several embodiments, the
first plunger 474, the locking device 514, and/or the shaft 484 can be spaced apart from
cach other. In some embodiments a plunger handle 172 can be coupled to the base 674.
The plunger handle 172 can be located proximally relative to the base 674, In some
cmbodiments an arm 680 can couple the plunger handic 172 to the base 674, The arm
680 can be a protrusion and/or a8 shaft. The arm 680, the first plunger 474, the locking
device 514, and/or the shaft 484 can be approximately parallel 1o cach other. In several
cmbodiments, the arm 680, the first plunger 474, the locking device 514, and/or the shaft
484 can be within 10 degrees of being parallel to each other.

{81711 In some embodiments the vascular access system 140 can include a
locking assembly 136, The locking assembly 136 can be configured to removably couple
the vascular access assembly to the fluid extraction assembly 148 and/or to the access

extraction assembly 152, The locking assembly can include a feature that latches onto a
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portion of the vascular access assembly 144 to inhibit or prevent the flnd extraction
assembly 148 and/or the access extraction assembly 152 from madvertently disledging
from the vascular access assembly 144 (or from a portion of the vascular access assembly
144).

163721 As illustrated in Figure 18, the locking assembly 136 can include a
first securing tooth 690a, a second securing tooth 690b, a pivot 694 (e.g., as illustrated in
Figures 16 and 18), a distal protrusion 698, and a lever 702 (e.g., a loever arm). Pressing
the lever 702 m a first divection 706 can cause the sccuring tecth 690a, 690b to move in 2
sccond direction 710 (c.g., radially outward relative to the same axis), which can be
opposite to the first direction 706. The lever 702 can be located on the proximal side of
the pivot 694, which is shown inside of 2 dashed box. The distal protrusion 698 can be a
sccond lever located on the distal side of the pivet 694, The pivot 694 can be located
between the first barrel 470 and the sccond barrel 480 (shown in Figure 17).

{6173 The locking device 514 can inhibit or prevent a wser from moving the
lever 702 in the first direction 706, 1In other words, the locking device 514 can interfere
with movement in the first direction 706 when the locking device 514 is in the path of the
movement. A user can move the plunger assembly 510 proximaliy to cause the locking
device 514 {0 move proximally. Once the locking device 514 and/or the phinger
assembly 510 is in a sufficiently proximal position, the locking device 514 and the
phunger assembly 510 no longer impede, limit, and/or prevent pressing the lever 702 in
the first direction 706 to cnable the first securing tooth 690a and/or the second securing
tooth 690b to move sufficiently far in the second direction 710 to clear the locking tooth
224 shown in Figore 12.

181741 In some embodiments, the first securing tooth 690z and/or the second
securing teoth 690b can be protrusions that extend at least partially perpendicularly to the
distal direction and/or to 8 contral axis of a barrel.  The locking tooth 224 can be an
indentation configured such that at least a portion of the protrusion can enter therein. In
several embodiments, the first securing tooth 690a and/or the second secoring tooth 690b
removably couple with a surface of a vascular access assembly, wherein the surface can
generally face distally.

[0175) The locking device 514 can inclade protrusions on each side of a
portion of the lever 702, The protrusions can be configured to inhibit or prevent the lever

702 from slipping to either side of the locking device 514 {and thus allowing undesirable
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movement in the first direction 706 before the plunger handle 172 15 in a safficiently
proximal position). Preferably, a sufficiently proximal position is a position where a
piercing member {e.g., a necdle) is fully enclosed in a protective housing, such as a
barrel.

16176} I a first locked position, the first securing tooth 690a can couple with
the locking tooth 224, In a sccond locked position, the sccond sccuring tooth 690b can
couple with the locking tooth 224, The first sccuring tooth 6%0a can be Jocated distally
relative to the second securing tooth 690b. Placing the componerts in the second locking
position can cause the piercing member 160 to protrude from the catheter 164, In the frst
locking position, the distal cud of the piercing member 160 can be located tuside of the
catheter (e.g., to help protect medical professionals from the piercing member 160).

{61771 The extraction assembly 464 (shown in Figure 16} can be located
more proximally in the first locked position than in the second locked position. In some
cmbodiments, the purpose of having more than one locked position is to aveid seal aging
issues. In other words, in several embodiments, a seal that is left in an “open” position
for too long might develop compression sct and be unable to sufficiently scal or close in
the future. While this consideration does not necessarily apply 1o all embodiments, the
first locked position can couple an extraction assembly (e.g., 464 in Figure 16) to a
vascular access asscmbly (e.g., 144 in Figure 7} without placing a scal {c.g., the second
seaf 280) in an open position and/or without opening a fiuid passage (or channel) between
an imtornal portion of the oxiraction assembly and an imdernal portion of the vascular
access assembly.

6178} Figure 21 ilhustrates a cross-sectional view of the vascular access
systemn 140 in the first locked position. In the first locked position, the second seal 280
seals the exit 308 such that the third passage 304 is not in fluid compumication with the
first reservoir 312, In some embodiments a third seal 720 (e.g., a flow controller) can be
ased to seal a distal exit to the first reservoir 312, A spring 724 can push the third seal
720 in a distal direction. Moving the third seal 720 in a distal direction can cause the
third seal 720 to scal against a tapered surface. In some embodiments the third seal 720
can inclade a tapered portion that seals, blocks, and/or closes against a tapered portion of
a fluid extraction assembly i a seal zone. The third seal 720 and/or the second seal 280

can he one or more flow controliers and/or valves.
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{6179] Figure 22 illustrates a cross-sectional view of the vascular access
system 140 in the second locked position. The connector 220 can mnclude a proximal
protrusion 730, which can be a shaft, rod, or tube. In some embodiments, the connector
220 can be 1o a second locked position when the vascular aceess system is in the second
locked position. When the connector is in the second locked position, the proximal
protrusion 730 can foree the third seal 720 to move proximally, which can place the third

7
/

passage 304 in fluid communication with the first reservoir 312, A twbe 734, which in
some embodiments can be a portion of the extraction assembly 464, can move the second
scal 280 distally and into an open position. In some cmbodiments the twbe can also
compress the second scal. When the second scal is i an open poesition, the exit 308 can
be exposed to place the third passage 304 in fluid convounication with the first reservoir
312, Moving from the first locked position to the second locked position can include
moving the proximal protrusion 730 into contact with the third seal 720 (e.g., by passing

~ \
7

into the tube 734) and moving the third scal proximally, compressing the spring 724.

{01806] In some ocmbodiments, as described further below, needleless
connectors can be used that do not have a proximal protrusion o help move the third scal
proximally. In some such cmbodiments, such as illusivated by example in Figure 23,
third scal 720 may be attached to struts 731 that can extend substantially paraliel to the
third seal. The struts may extend through a base surface 733 at a proximal end of tube
734. They may slide through the base surface and sealingly ongage the base surface so
that floid docs not leak. In some cmbodiments, the struts may be integrally formed with
the third seal. In some embodiments, the struts may be formed separately and fater
attached to the third seal.

{81811 In some embodiments, the proximal protrusion can extend further into
the sccond seal than illustrated in Figires 21 and 22 when the vascular access system is in
the first locked position. The medical connector 220° of Figure 9 provides an example of
one such embodiment. Figure 9 illustrates a cross-sectignal view of the medical
connector 2207 of Figare 9. As shown, in some cmbodiments the proximal protrusion
7307 can extend through the second seal 2807 to a proximal face of the second seal when
the access system i3 i the first locked position. When the second seal 280° is moved
distally into the open position, it can expose the exit 3087 and place the third passage 304°

into fluid communication with the first reservoir 312,
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{0182] In some embodiments, instead of having a proximal protrusion that
defines an internal conduit, such as the third passage, the second scal can at least partially
define the third passage. The medical comnector 2207 of Figures 10 and 11 provides an
cxample of one such embodiment. Figure 10 dlustrates a cross-sectional view of the

medical connector 22077 of Figure 10 and 11, and Figure 11 illustrates a cross-sectional

define a portion of the third passage 3047,

13 Io some embodiments, for exanple as further shown by the medical
connector 22077, a second seal 2807 can be configured to romain in the same position
when the vascular access system 15 in the fust locked position and when the vascular
access systent is in the second locked position. When the vascular access systom moves
to the second locked position, instead of having a tube 734 move the second seal distally,
the tube can pass through a slit 28177 of the sccond seal, opening the slit to place the third
passage 30477 in fluid communication with a first reservoir 312

[014] In some embodiments, also as shown by example in Figures 10 and i1,
a medical connector 2207 may not include a proximal protrusion 730. In some such
cmbodimenis, the connector 22077 can be used with a vascular access system that
inchades struts 731 attached to third seal 720 (for example, as shown in Figore 23}, The
struts may engage an end surface 23377 of the connector as the connector moves toward
the seccond locked position. The end surface may move the struts and third seal
proximally to open fhuid communication with the first reservoir 312,

[0185] In various embodiments, medical conmectors used with a vascular
access system can combine one or more of the different featupes discussed herein. For
example, in some embodiments a medical connector can include a proximal protrosion
that extends all the way through a second seal but can have a shoulder mstead of a
circumferential projection.  In some cmbodiments, as a further example, a medical
connector with a second seal and protrusion as shown in Figures 21 and 22 can be
configured to have non-standard connections. Cther combinations are considered.

{8185] Figures 24 and 25 illustrate cross-sectional views of the extraction
assembly 464 coupled to the vascular access assembly 144, Tn Figure 24, a cap 156
covers a distal tip 738 of the piercing member 160, The plunger assembly St s ina

more proximal location in Figare 25 than in Figure 24, Pulling the plimger assembly 510

- 35 .



WO 2015/119940 PCT/US2015/014240

[*]

sufficiently proximally can cause the distal tip 738 of the piercing member 160 to recede
mito the second barrel 480 and/or mto a portion of the extraction assembly 464,

{3187] In Figure 25, the fhid (e.g., gas, air) that was mside of the vascular
access assembly 144 is now in the first reservoir 312 and the piercing member 160 that
was uscd to access a patient’s vein or arfery is in the second barrel 480, Thus, the
vascular access assembly 144 is primed and ready to be decoupled from the extraction
asscmibly.

18R] Figure 26 illustrates a side view of a distal portien of the picrcing

7
I

member 160, The piercing member 160 can include passage 752 that leads from a distal
fip 738 to a hole, such as a slot 742, The slot 742 can place the passage 752 in fluid
communication with an area located 1o the side of the piercing member 160, Thus, for
example, in some embodiments blood that flows into the passage opening 753 can flow
out of the siot 742 and iuto the outer bousing 204. In cmboediments in which the outer
housing is clear, this can provide a visual indication that the piercing member is properly
positioned within a paticnt’s vasculature. In some cmbodiments, the slot 742 can be
oriented within +/- 45 degrees of perpendicular to a contral axis of the piercing member
160. The slot 742 can be located proximally relative to the passage opening 753 and/or
relative to the distal tip 738, A portion of the piercing member 160 can be solid such that
the portion does not include a lumen or passage. This solid area 748 can inhibit or
prevent fluid from cntering an internal area of the piercing member 166 {c.g., via the
distal tip 738, passage 752, and/or the slot 742} and then reaching the proximal end 756
of the piercing member 160, The picreing member 160 can be approximately straight and
can include a tapered and/or sharpened distal tip 738.

{81891 In some embodiments, as illustrated in Figore 27, a piercing member
160 can have an additional opening, such as confirmation opening 743. In some
embodiments, the confirmation opening 743 can be used to provide visual confirmation
that the picrcing member is properly positioned within a patient’s vasculature. This can
help minimize the blood flow required into the picreing member before confirmation can
be provided, since blood will not need to flow all the way into the outer housing 2{4.
Preferably, the opening 743 is aligned with the passage opening 753, which is typically
aligned with a clinician’s line of sight when inserting the piercing member into a patient.
Where a clear or translucent catheter is used, blood that enters the passage 752 can be

visible through the catheter in the opening 743, In some embodiments, this can creaie a

&
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red mark that is shaped like the opening (whether circular, oval, or other shape). The slot
742 can allow air within the piercing member to exit nto the outer housing so that blood
can flow into the passageway 752,

10190] In some cmbodiments, a piercing member 160 can be sized as
described according 1o Figure 15 to create a scal between the piercing member and a
catheter. o some embodiments, the distal most edge of the catheter can seal with the
piercing moember between the passage opening 753 and the confirmation opening 743.
Preferably, the distance between the distal most edge 455 of the catheter (visible in
Figure 14} and a proximal edge of the confirmation opening 743 is greaster than the
thickness of a patient’s tissue between an external layer of skin and the blood vessel to be
pierced. This can ensure that when the catheter and picrcing member are inserted in the
bleod vessel, at least a portion of the confirmation opening 743 will be visible. Tu some
cmbodiments, the distance between the distal most edge 455 of the catheter (visible in
Figure 14} and a distal edge of the confirmation opening 743 is greater than the thickness
of & patient’s tissuc between an external laver of skin and a blood vessel. This can ensure
that the entire confirmation opening 743 will be visibie when the catheter and picreing
member are inserted into the blood vessel.

{0191} Figure 28 illustrates a perspective, cross-sectional view of the spring
retainer 728 from Figure 21 and 22. The spring retainer 728 can be fixedly attached to an
interior of the exiraction assembly 464 {c.g., to the first barrel 470}, The spring retainer
728 can be configured to sccuwre the spring 724 io place. In several embodiments, the
spring retainer 72¥ is configored to limit the proximal movement of the proximal end of
the spring 724. The spring retainer 728 can be at least partially cylindrical with an inner
diameter 732 that is preferably greater than the outer diamcter of the spring 724 and/or
less than about 40% larger than the outer diameter of the spring 724, in some
cmbodiments, the inner diameter 732 of the spring retainer 728 is less than abowt 20%
larger than the outer diameter of the spring 724, A proximal end of the spring retainer
728 can inciude a hole 736 configured to aliow fluid to pass through the spring retainer
728. The spring retainer 728 can be molded from robber or plastic.

{8192] Figure 29 illustrates a perspective view of the third seal 720, which in
some embodiments can be a poppet.  Figure 30 illostrates a perspective, cross-sectional
view of the third seal 720, Referring now to Figures 29 and 30, the third seal 720 can

inchide a first hole 760 located in a distal half of the third seal 720. A second hole 764
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can be located in the proximal half of the third seal 720, A passage 768 {depicted by a
dashed hine) can thaidly couple the fivst hole 760 to the second hole 764.

{3193] Figure 31 illustrates a perspective view of a vascular access system

system 1140 can be the same or identical to any of the other systems described herein and
can inchude any of the features of those other systems.

1031941 In Figure 31, the catheter 1164 1s covered by a cap 1156, which can be
a protective cover configured 1o inhibit or prevent inadvertent secdle sticks and/or
bending of the catheter 1164, The mube 119G can be a flexible tube that is coupled {e.g.,
clipped, attached) to a housing 1110, The tube 1190 can enter z distal end of the
connector $1220 and can be coufigured 1o cnable fluid communication between the
catheter 1164 and at least a portion of the connector 1220,

[0195] In some embodiments, once the fluid exiraction assembly 1148 and the
access extraction assembly 1152 are decoupled from the vascular access assembly 1144,
the comnector 1220 can be decoupled from a second clamp 1128 that secures the
connector 1220 to the housing 1110 such that only the twbe 1190 couples the connector
1226 to the housing 1110, In this configuration, the connector 1220 can move relative to
the catheter 1164 to the cxtent permitted by the tube 1190, In several embodiments, the
tube 1190 is flexible and at least two inches long, which allows the connector 1220 to be
placed in many diverse orientations and locations relative to the catheter 1164, The flaid
extraction assembly 1148 can include a syringe.

[0196] In several embodiments, the cathster 1164 and/or the housing 1110 are
secured to a patient in a first orientation before the connector 1220 is secured to the
patient in a second orientation, where the second orientation differs from the first
orientation. The positional costomization cnabled by the tobe 1190 can be helpfid iIn
some situations.

[0197) Figure 32 illustrates a perspective view of a distal portion of the
vascular access system 1140, Referring now to Figures 32 and 35, in some embodiments,
the second clamp 1128 can inchide a eylindrical outer surface 1226 and/or a cylindrical
mmer surface 1230, The diameter of the cylindrical inmer surface 1230 can be smaller
than the outer diameter of a distal portion 1168 of the connector 1220, The second ¢lamp
1128 can be configured {o couple to the distal portion 1168 of the connector 1220, which

can be ceylindrical. In some configurations, the diameter of the cylindrical inner surface
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1230 is at least about 3% smaller and/or less than or equal to about 50% smaller than the
outer diameter of the distal portion 1168 of the comnector 1220; at least about 5% smaller
and/or less than or equal to about 35% smaller than the outer diameter of the distal
portion 1168 of the connector 1220; or at least about 109 smaller and/or less than or
equal to about 25% smaller than the outer diameter of the distal portion 1168 of the
connector 1220.

10198] The second clarap 1128 can be a C-clarap due to its (" shape. The
sccond clamp 1128 can include a gap 1234, which can be a slot. The gap 1234 can
enable a portion of the connector 1220 to slide into and/or out of the second clamp 1128,

The sccond clamp 1128 can bold the connector 1220 approximatcly paraliel to the

degrees, about +/- 10 degrees, or about +/- 15 degrees of being parallel to a contral axis of
the catheter 1164).

{6199] Referring now to Figure 32, in some cmbodiments a first clamp 1124
can be placed around at least a portion of the tube 1190 1o block and/or impede fluid flow
through the tube 1190, Many different types of tube clamps can be used. Some
cmbodiments use the first clamp 1124 illustrated i Figure 32, The first clamp 1124 can
include a kevhole 1242 with a first portion 1244 and a second portion 1246, The first
portion 1244 can be narrower than the second portion 1246 {e.g., at least about 30%
narrower, at least about 50% narrower, at least about 65% narrower). The first portion
1244 can be narrower than the cuter diameter of the tube 1190 and/or the sccond portion
can be wider than the ocuter diameter of the tube 1190, The first portion {244 canbeona
first end of the kevhole 1242 and the second portion 1246 can be on a second end {¢.g., an
opposite end) of the keyhole 1242,

10280¢] The first clamp 1124 can be configured such that it cannot {it over the
connector 1220 to inhibit or prevent the first clamp 1124 from falling off of the vascular
access assembly 1144, The first clamp 1124 can inclode a hole {e.g., the keyhole 1242)
through which the tube 1190 passes. The hole can be sized such that it is too small to
enable the connector 122{} to pass through the hole.

{8281 The housing 1110 can inchude a flat surface 1256, A central axis of the
connector 1220 and/or the first barrel 1470 (shown i Figure 32) can be located farther
away from the flat surface 1256 than the catheter 1164 and/or the sccond barrel 1480

{shown in Figure 32) are located from the flat surface 1256,
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[6202] In a first locked position {see Figure 33), the first securing tooth 1690a
can couple with a mating surface 1142 {e.g., a distally facing surface). In the second
locked position, the second securing tooth 1690b can couple with the surface 1142, The
first securing tooth 1690a can be located distally relative to the second securing tooth
1690b. Placing the components in the second locking position can causc the picreing
member 1166 to protrude from the catheter 1164, In the first locking position, the distal
end of the piercing raember 160 can be located wside of the catheter 1164 (e.g., to help
protect medical professionals from the piercing momber 160}, The fust securing tooth
1690a or the second securing tooth 1690b can couple with a surface 1142 to form a lock
that couples the syringe 1476 to the catheter 1164,

{0283] The surface 1142 can be any surface, indemtation, and/or protrusion
configured to “catch” and/or couple with a securing feature of the locking assembly 1136,
The surface 1142 can be oriented perpendicularly relative to a contral axis of the catheter
1164 and/or piercing member 1160, In several embodiments, the surface 1142 faces a
distal direction.

{0284 Figure 34 ilhustrates a cross-sectional view of the vasculer access
system 1140, Moving the plonger (c.g., the plunger handle 1172) proximally can
stnultancously mcrease the volume of the first reservoir 1312 and retract the picrcing
member 1160 (e.g., move the picrcing member 1160 proximally). A locking device 1514
stmilar to or the same as the locking device §14 can allow proximal movement of the
phinger while preventing and/or inhibiting distal movement of the plunger {relative to the
first barrel 1470 and/or second barrel 148(). At least a portion of the first plunger 1474
can slide within the first barrel 1470, A plunger scal 650 can be coupled to the first
phinger 1474 to fluidly seal a portion of the first reservoir 1312 (e.g., fluidly scal a
proximal end of the first reservoir 1312}, At least a portion of the shaft 1484 can shde
within the second barrel 14580.

{8285} The first reservoir 1312 can be placed in fluid commumication with the
third passage 1304 when the third seal 720 and the second scal 280 are in open positions
to allow fluid to pass by the seals. The third passage 1304 can be in fluid commaunication
with a tube passage 1158 {c.g., a lumen in the tube 1190). The tube passage 1158 can be
m flmd commumication with the second passage 296, which can be i fluid
communication with a first passage 1300 (e.g., an internal channel of a catheter 1164).

Fluid communication through portions of the vascular access assembly 1144 can enable
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the connector 1220, the first reservoir 1312 and/or portions of the first barrel 1470 {e.g., 2
syringe) to be in fluid commumication with the catheter 1164 and/or a distal tip of the
catheter 1164,

16286] A fourth seal 1162 can be a plug through which a picrcing member
1160 can pass (e.g., move distally and proximally). The fourth seal 1162 can be
configured to seal around a solid area 748 of 2 piercing member 160 (shown in Figure
30}, In some cmbodiments, when the piercing member 1160, 160 is in a most distal
position {c.g., when the piercing member extends from z catheter), the solid area 748 can
be located at least partially inside of the fourth seal 1162, Thus, bodily fluid (e.g., biood)
can move through the catheter and nto the second passage 296, but can be blocked by the
fourth seal 1162,

{61871 The tube 1190 can extond proximally away from the catheter 1164, can
extend distally towards the catheter 1164, and thon can extend proximwally into the
connector 1220, The tube 1190 can form an “S” shape {e.g., as shown in Figure 33).

{0288] The connector 1220 can be orignted in a proximal direction such that
the end of the connector 1220 that is configured to couple to another device {¢.g., a
syringe) faces proximally. In some embodiments, the connector 1220 can be oriented in a
distal direction or in a direction perpendicular to the contral axis of the catheter 1164 (e,
the first central axis 1260). In some embodiments, the second central axis 1264 is
oriented within greater than or equal to about zero degrees and/or less than or eqoal to
about 15 degrees relative to the first central axis 1260, In some embodiments, the second
central axis 1264 is oriented within greater than or equal to about 15 degrees and/or less
than or equal to about 75 degrees relative to the first central axis 1260. In some
embodiments, the second central axis 1264 is oriented within greater than or equal to
about 30 degrees and/or less than or equal to about 60 degrees relative to the first central
axis 1260,

[0289] In several embodiments, the tube 1190 enters a support 1174 of the
housing 1110, The tube can enter the housing 1110 and/or the support 1174 at an angle
of greater than or equal to about 20 degrees and/or less than or equal to about 70 degrees
relative to the first central axis 1260; or greater than or equal to about 40 degrees and/or
less than or equal to about 50 degrees relative to the first central axis 1260,

{82164 Figure 33 illustrates a perspective view of the housing 1110, In some

embodiments, a vascular access assembly 1144 can include a piercing member extraction
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passage 1310 and a floid exiraction passage 1314, The piercing member extraction
passage 1310 and the fluid extraction passage 1314 can include portions of the second
passage 290,

16213} The picreing member extraction passage 1310 can be coaxial with the
catheter coupling passage 1318 and/or the first contral axis 1260 of the catheter 1164
{see, e.g. Figure 26). The second clamp 1128 can be located on one side of the picrcing
member extraction passage 1310 and the fluid extraction passage 1314 can be located on
an opposite side of the piercing member extraction passage 1310, The vascular access
asscmbly 1144 can include a catheter coupling passage 1318, A proximal portion of the
catheter 1164 can be coupled to the catheter coupling passage 1318, The piercing
member extraction passage 1310 and the fluid extraction passage 1314 can be fluidly
coupled 1o the catheter coupling passage 1318 in a “Y™ shape, The fluid extraction
passage 1314 can be oriented at an angle 1326 relative to the piercing member extraction
passage 1310, The angle 1326 can bo greater than or equal to about 10 degrees and/or
less than or equal to about 80 degrees; greater than or equal to about 25 degrees and/or
less than or equal to about 70 degrees; or greater than or equal 1o about 40 degrees and/or
less than or equal to abowt 50 degrees.

16212 in some ecmbodiments, a vascular access systom can be configured
such that creating a negative pressure to begin removing gas from the system and/or
priming 2 connector can be decoupled or partially decoupied from the process of
retracting a piercing member. Separating these processes can belp, for example, when

caling with patients of varying blood pressure. Different blood pressures means that
different amounts of negative pressure are needed to draw blood into the system before
retracting the piercing member. In some embodiments, a vascular access system can also
or alternatively include an auto-retract feature that automatically retracts the piercing
member after the plunger has been partially withdrawn. This can help inhibit or provent
accidental punctures of the catheter by the piercing member when it is being retracted
manually,

182137 Figures 36 and 37 illustrate one embodiment of a vascular access
system 2140 that includes a mechanism to automatically retract a piercing member.
Figire 36 is a front view and Figore 37 1s a cross-sectional view taken in the same plane
as Figure 36. In Figures 37 and 38, and in subsequent figures, clements labeled with

npumbers similar to muonbers from previous embodiments are understood to function as
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previously described, omless indicated otherwise. Thus, for example, the cap 2156
lustrated in Figure 36 15 understood to function the same as or similar to the cap 156
shown in Figure 24 and the cap 1156 shown in Figure 31, Further, although various
components may be shown herein as opaque or translucent for purposes of ilhustration, it
1s understood that in various embodiments one or more components can be opague or can
be translucent, transparent, and/or clear such that fluid flow paths through the

components are visible.

(%)

{0214] In some embodiments, as illustrated in Figures 37 and 38, an access
extraction assembly 2152 of a vascular access system 2140 can include a second plunger
2484 that houses or partially houses a retraction spring 2725 or other biasing member.
The retraction spring can be coupled to the piercing member 2160 and maintained in a
tensioned state. When the plunger assembly 2510 has been withdrawn a defined distance,
such as by pulling on the handle 2172, the retraction spring can be configured to release
from ifs tensioned state, recoiling proximally into the second plunger 2484 toward an
untensioned state and drawing the picrcing member 2160 with it. In some embodiments,
the length of the spring 2725 in the tensioned state can be at least sbout 1.5 times the
length of the spring in the untensioned state.  In some embodiments, the length of the
spring 2725 in the tensioned state can be at least about 2 times the length of the spring in
the untcosioned state.  In some embodiments, the length of the spring 2725 in the
tensioned state can be at least about 3 times the length of the spring i the untensioned
state.

{0215} In some embodiments, a locking device 2514 can be configured o
allow the plunger assembly 2510 fo move in a proximal direction while impeding motion
in the distal direction, as described above. In some embodiments, the locking device can
be configured to have one or more threshold positions. The vascular aceess system 2140
can be configured such that the locking device can be moved proximally past a threshold
position but is blocked from moving distally past a threshold position.  In some
cmbodiments, threshold positions can be spaced such that the locking device can move
distally and/or proximally between threshold positions.

0216} In some embodiments, the vascular access system can be configured
such that the piercing member 2160 automatically retracts when the phlunger assembly
moves proximally past a threshold position. Thus, onee the picreing member has been

automatically retracted, the phmger assembly is inhibited or prevented from moving
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further distally and therchy inhibited or prevented from re-exposing the piercing member.
This can help inhibit or prevent accidental sticks.

{62173 In some embodiments, as illustrated, a piercing member holder 2640
can be used to couple the spring 2725 to the piercing member 2160, In some
cmbodiments, a piercing member holder 2640 can also be used to help maintain the
spring in the tensioned state. For example, in some embodimends the sccond plunger 2484
can have a second portion 2488 with walls that can be configured to fiex radially joward.
In a first, relaxed state the sccond portion can have an inner diameter sized to recetve the
entire piercing member holder.  In some cmbodiments, the second barrel 2480 can
include sections that interfere with the walls of the second portion, causing them to flex
radially inward. This can shrink the tnner diameter betweer the walls of the second
portion and can block refraction of the picrcing moember holder 2640 and picreing
member 2160, In some embodiments, drawing the plunger assembly 2510 distally can
move the second portion 2488 of the second plunger 2484 to a posttion in which the walls
of the second portion 2488 can return toward the first, relaxed state that can receive the
piercing member holder, which can be retracted by the spring into the second plunger
2484, This is described it more detail below,

{0218 Figures 36 and 37 also illustrate an embodiment of a connector holder
2570 that can be used to attach a fluid extraction assembly 2148 t0 a connector, such as
the needieless connector 2220, In some cmbediments, the connecior holder 2570 can
couple to the connector 2220 in a first locked position without placing a seal of the
connector i an open position and/or withowt opening a fluid passage or chanuel between
an internal portion of the fluid extraction assembly and an internal portion of the vascular
access assembly.  Maintaining a connector and connector holder in the first locked
position before usc can help inhibit or prevent compression set, as described above.

10219] In some embodiments, the connector 222{) can be moved relative to the
conmector holder 2570 and first barrel 2470 into a second locked position in which a scal
of the connector 222{ is opened and a fluid passageway is established between an mternal
portion of the fluid extraction assembly 2148 and an internal portion of the vascular
access assembly 2144, The seal in the conmector can be opened and the fhuid passageway
established in the same manner as described above, such as with respect to Figures 21-22
and Figures 29-30. The first and sccond locked positions are also deseribed in more

detail below.
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{6228] Figure 38 illustrates a front cross-sectional view of one embodiment of
an exiraction assembly housing 2170 for use with a vascular access system 2140, In
some embodiments, as llustrated in Figure 38, the first barrel 2470 and the second barre
2480 can cach bave an imner chamber 2870, 2580, respectively.  In some embodiments,
the 1mer chanbers can have different sections of varving dimmeter. For example, in
some embodiments the inner chamber 2870 of the first barrel can bave a first section
2872 that can help define a first reservoir, such as the first reservoir 312 discussed with
respect to Figure 21, The fust barrel can also have a second section 2884 with an inner
diameter narrower than the mner diameter of the first scetion, In some embodiments, the
seccond section can be configured to at feast partially receive a third seal 2720 (Ulustrated
in Figure 37). T some embodiments, the first barrel can also have a third section 2876,
which can preferably include a taper and can be configured to seat the third scal

{0221} Similarly, in some cmbodiments the inner chamber 2580 of the second
barrel can include at least a first section 2582 and a second section 2584, The second
section preferably has an inner diameter 1 that is narrower than the ioner diameter of
the first section. In some embodiments, a tapered section 2583 can join the first and
second sections. In some cmbodiments, the second section can have an inner diameter
135, In some embodiments, the inner diameter 1D, can be generally constant. In some
embodiments, the second seciion can have an inner diameier that narrows from the
proximal end of the second section to the distal end of the second section, and the inner
diameter 1D can refer to the maximum inner diameter of the second section.

182221 In some embodiments, the second barrel can also include a third
section 2586 positioned distal to the second section 2584, The third section can be
configured to receive a portion of a housing, such as a housing similar to the housing
1116 described with respect to Figure 35, In some embodiments, the imer diameter of
the third section can be greater than the inner diameter ID: of the second section.

{82231 In some embodiments, the extraction assembly housing can include
one or more connecting or locking sections, such as first section 2539, that join the first
barrel 2470 with the second barrel 2480, In some embodiments, the connecting sections
can define threshold locking positions for the locking device 2514, as discussed above.
Locking channels, such as a second channel 2524 between the second section 2532 and
the third section 2534, can receive a projection of the locking device 2514 and can define

arcas that allow for imimpeded movement of the locking device.
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{0224] Figures 39-41 illustrate one embodiment of a planger assembly 2510
that can be used with a vascular access systemn 2140, Figure 39 illustrates a front view,
Figure 40 illustrates a8 cross-sectional view taken along the iine 40-40 of Figure 39, and
Figure 41 illustrates a bottom view. The plunger assembly can include a first plunger
2474, a second plunger 2484, and a locking device 2514 preferably pesitioned between
the plungers. The plunger assembly can include a handle 2172 configured to assist when
moving the plunger. The handle 2172 can be formed according to any known handle
design.

16225} The first plunger 2474 can function simiarly to other first plungers
described herein. For example, 1o some embodiments it can include a plunger scal 2650 at
its distal end configured to fluidly seal a portion of a reservoir expanded by withdrawal of
the plunger.

{6226] Pretferably, the second plonger 2484 inchudes at least a fivst portion
2486 that defines an interior chamber. The interior of the first portion 2486 can be
configured to receive a biasing member, such as the retraction spring 2725 discussed
above. In some embodiments, the phinger assembly 2510 can include a hook or other
connecting portion 2492 that can be configured to receive one end of the spring 2725,

{2271 In some embodiments, the second phinger can include a second portion
2488 at a distal end thereof, which can be osed to block passage of a piercing member
holder as described above. The second portion can have at least two slots 2487 cot out of
the plunger to define two or more prongs 2489, The prongs can have a first position as
ilhustrated, in which the prongs define an inner dismeter 1Dy, In some embodiments, the
inmer diameter 1D, 15 approximately equal to the nmer diameter ID; of the first portion
2486. This can be seen in Figure 41, In some embodiments, the inner diameter ID; can
be greater than or less than to the inner diameter 1D, In the first position, the prongs can
also have an outer diameter 0Dy

{8228 Preferably, the prongs 2489 can be configured to flex radially inward,
When the plunger assembly 2510 s in an initial position in which the piercing assembly
is used to pierce a patient’s skin, the second portion 2488 of the second plunger 2484 can

¢ at least partially within the second section 2584 of the second barrel 2480, Preferably,
the mner diameter 1D of the second section of the second barrel 15 less than the outer
diameter OD; of the second portion 2488 of the second plunger. Thus, the walls of the

second portion of the barrel will flex the prongs 2489 inward, shrinking the inmer
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diameter of the prongs to a compressed inner diameter that is less than the inner diameter
1D, The compressed inner diameter can also be less than an outer diameter 0D, of 2
piercing member holder {e.g., as shown below in Figure 42). This can block the piercing
member holder from retracting, as described above.

{6229] In some embodiments, as illustrated in Figure 40, the locking device
2514 can include a flexible lever arm 2590 that can have a proximal end that attaches to
the plunger assembly 2510 and a movable distal end. The device can include a locking
projection 2597 at the distal end. The locking projection can have a distal facing surface
2596 that can be configured to contact connecting sections, such as the second connecting
seetton 2532, of the extraction assembly housing 2176, This can block distal motion of
the locking device and therefore the plunger assembly 2510, Thus, the distal facing
surface 2594 is preferably oriented such that when 1t contacts a connecting section the
flexibic fever arm remains generally in in the position as iHlustrated, with us longitudinal
axis gonerally parallel 1o a longitudinal axis of the first plunger 2474 and 2 longitudinal
axis of the sccond plunger 2484, In some embodiments, the distal facing surface 2596
extends generally perpendicular to the lengitudinal axis of the lever amm 2590,

{H230] In somc embodiments, the locking projection 2592 can have a
proximal facing surface 2594 that is angled relative to the longitudinal axis of the lever
arm 2590, This surface can be used to cause the lever arm to flex upward to clear
connecting sections of the extraction assembly housing 2170, allowing the phunger
assembly 2510 to be withdrawn relative the cxfraction asscmbly housing. This is
described in more detail below. The locking projection can also have a proximal facing
surface 23598 that can extend generally perpendicular to the longitudinal axis of the lever
arm 2590. This can be used to biock withdrawal of the phinger assembly relative to the
cxtraction assembly housing 2170, such as when the locking projection 2592 braces
against connecting sections. This is also described in more detail below.

{8231} Figures 42 and 43 illustrate one embodiment of a piercing member
holder 2640 that can be used with a vascular access system 2140, Figore 42 is a front
view and Figure 43 is a cross-sectional view taken along the line 43-43 of Figure 42,
Preferably, the piercing member holder inchudes a first section 2642 adapted to attach ic a
biasing member and a second section 2646 adapted to receive a plercing member. The
first section can attach to the biasing member through any standard connection. For

example, where the biasing member i3 a8 spring, the first section 2642 can melude an
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aperture 2643 adapted to receive a hook member from the spring. Similarly, the second
section can receive a piercing member through standard methods and/or apparatuses, such
as by seating an end of a piercing member within a bore 2649, In some embodiments, the
piercing member holder can also melade an intermediate section 2644 between the first
and second sections.

1232] Preferably, a portion of the sccond section 2646 can have an outer
diameter OD; that can fit within the second plunger 2484 of the plunger assembly 2510 1o
therchy allow the picrcing member holder to be retracted into the plunger assembly.
Thus, the outer diameter OD; is preferably less than the fnner diameter 1D, of the second
portion 2488 of the sccond plunger. In some cmbodiments, the outer diameter OD; s
also less than the inner diameter 1D of the first portion 2486 of the second plunger.

{8235] Preferably, however, the outer diameter OD» is greater than an inner
diameter of the second portion 2488 of the second plunger 2484 when the sccond portion
is biased inward by the second barrel 2480, As described above, this will inhibit or
prevent the piercing member holder 2640 from retracting while the sccond portion 2488
of the second plunger is within the second section 2584 of the sccond barrel. The
piercing member holder will not retract until the second portion of the second plunger
exits the second section of the barrel, allowing the prongs 2489 to expand back toward
the position tlustrated in Figure 39 in which they have an inner diameter 1D greater than
the outer diameter 0D,

182341 Figure 44 illustrates a side cross-sectional view of the extraction
assembly housing 2170 taken along the line 44-44 shown in Figore 38. Figure 44 also
illustrates a cross-section view of a plunger assembly 2510 positioned in the housing.
The phimger assembly preferably has an initial position in which the locking projection
2592 is positioned in a first locking chanmel 2522 between the first connecting section
2530 and the second connecting section 2532, In some embodiments, the first connecting
section includes a proximal wall 2540 that aligns with the distal facing surface 2396 of
the locking projection 2592 and inhibits or provents further imsertion or distal motion of
the plunger assembly 2510, In some embodiments, the second connecting section 2532
can inclode an angled surface 2542 on its distal end that is configured to interact with the
proximal facing surface 2594 of the projection 2592, The force of the angled surface
2542 on the surface 2594 can tend to push the projection upward, flexing the lever arm

2590. The projection can be moved far cnough upward to clear the second connecting
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section 2532, allowing the plunger assembly 2510 to be drawn proximally past the second
connecting section 2532,

{B235] When the locking projection 2592 passes a proximal wall 2544 of the
seccond connecting section 2532, the fever amm 2590 will move back down and the Jocking
projection will move into the second locking chamnel 2524 between the second
connecting section 2532 and the third commecting section 2334, When the locking
projection is within the second locking chanuvel and the locking device 2514 is moved
distally, the proximal wall 2544 can be configured te contact the distal facing surface
2596 of the locking projection 2592 to indubit or prevent further distal motion of the
phunger assembly 2510.

16236} The locking projection and plunger assembly can preferably move
frecly within the sccond locking channel. When the plunger assembly is drawn
proximally, the locking projection 2592 can reach the third connecting section 2534, The
third connecting section can block the locking projection and inhibit or prevent the
phinger assembly from being removed entirely from the cxtraction assembly housing
2170, In some embodiments, the third projection can have an angled portion 2546 and a
portion 2548 that extends generally perpendicuiar to the longitudinal axis of the first
barrel 2470. In some embodiments, the angled portion can be configured to align with
the angled surface 2594 of the locking projection 2592, In some embodiments, the
generally perpendicular portion 2548 can be configured to align with the surface 2598 of
the locking projection.

{82371 In some embodiments, the positioning of the connecting sections of the
extraction assembly housing 2170 can be configured to correspond to certain desired
positions of the phmger assembly 2510 within the housing. For example, in some
embodiments, when the locking projection 2592 is within the first locking channel 2522,
the second plunger can be positioned as illostrated in Figure 37, with a distal tip 2738 of
the pilercing member extending from the catheter 2164 and with the second portion 2488
of the second plunger blocking retraction of the piercing member bolder 2640, In some
embodiments, the second connecting section 2532 of the second phnger can be sized io
reflect the distance that the plunger assembly can be withdrawn before the sccond portion
2488 of the second phunger 2484 exits the second section 2584 of the second barrel 2480,
thereby allowing the retraction spring 2725 io retract the piercing member. In some

embodiments, the second section 2532 can be sized such that the locking projection 2592

- 49 .



WO 2015/119940 PCT/US2015/014240

moves into the second channel 2524 at approximately the same time that the piercing
member 1s retracted by the retracting spring.

[B238] Until the locking projection 2592 moves nfo the second channel 2524,
however, the plunger assombly can be moved freely distally and proximally between the
first channel 2522 and the sccond channel 2524, This can allow a clinician to withdraw
the plunger asscrubly shightly to test for biood flow to ensure that the catheter s properly
within a vein before the piercing member is retracted by the spring 2725, Once the
locking projection moves into the sccond channel, the plunger assembly can move freely
within the second channel. This can allow for withdrawal or insertion of the plunger as
desired. Because the piercing member has already been retracted, the clinician does not
need 1o be concerned about accidentally piercing the catheter.

{6239] Figure 44 also illustrates a cross-sectional view of the connector holder
2570. The connector holder can mclude one or more first lock points 2790 and one or
more second lock poinds 2780, As described above, the connector holder 2570 can be
configured to connect to a medical connector, such as 8 necdicless connector 2228, The
medical connector can have 2 shoulder or circumferential projection, such as the
projection 238 illustrated in Figure 7 or the shoulder ilusirated in Figores 10 and 1L
When the medical connector is first inserted into an opening 810 in the connector holder
2570, the projection of the medical connector can comtact a distal sloped or angied
surface 2792 of the first lock points. The lock points can be flexed outward, allowing the
shoulder to pass to a position between the first and sccond lock points. This position is
the first locked position, in which the seal in the neediess connector {e.g., the second scal
280 visible in Figure 7) preferably remains in a closed position.

{8240] When a clinician is ready o use the vascular access system {o insert a
catheter, the medical connector 2220 can be inserted further inic the connector holder
2570. The projection 238 of the connector can contact 8 distal, angled surface 2782 of
the seccond lock points 2784, Poshing the medical connector further preferably causes the
second lock points 2784 to flex away, allowing the projection to pass them and into a
second locked position in which the second secal of the connector 2220 is opened. Onee
the projection on the medical commector has passed the second lock points, they can retam
to their nitial positions. A proximal surface 2784 of the second lock points 2784 that is
generally perpendicular to a longitudinal axis of the connector holder can inhibit or

prevent withdrawal of the medical connecior.
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{62411 Tn some embodiments, the second lock points 2780 can cach be part of
a chip 2770. The lock points can extend from a base 2772 of the chip. The chp can
include grips 2775 that can be attached to the base or formed integrally with the base.
Pinching the grips 2775 can cause a flexible neck 2774 of the clip to bend, angling such
that opposing second lock points 2780 move apart from cach other. This can create space
for the projection 238 on 2 medical connector to pass, allowing the commector to be
returned to the first locked position. I the medical connector is pulled more distally, the
projection 238 will contact a proximal sloped or angled surface 2794 of the first lock

any
7
I

potnds 2790, thereby forcing the furst lock poiots away from cach other and allowing for
complete withdrawal of the connector.

10242] Figures 45-59 illustrate one embodiment of 2 method of using a
vascular access system 2140, Figures 43-59 also illusirate one emboediment of a vascular
access system where withdrawal of a piercing moember is decoupled from initial
movement of a plunger assembly 2510, Thus, in some embodiments, a plunger assembly
2510 can be partiaily withdrawn to draw blood to confirm proper placement of the
catheter without affecting the position of the piercing momber relative to the catheter.
This can help inhibit or prevent accidental picrcing of the catheter with the pilercing
member when confirming blood flow and before completely withdrawing the picrcing
member, In Figures 45-59, ¢lements labeled with numbers similar to numbers from
previous embodiments are understood to function as proviously described unless
indicated otherwise.

{8243] Figure 45 illustrates the vascular access system 2140 as preferably
assembled for storage, such as when within any packaging. A cap 2156 preferably
protects a piercing member. Preferably, when removed from a package or from storage
the medical conmector 2220 is in a first locked position within the connector holder 2570,
In some embodiments, the medical connector can be separate from the connector holder
when stored or when in packaging and it can be placed into the first locked position by a
clinician or other individual after being removed for use.

10244] Figure 45 also illustrates an embodiment in which the second barrel
2480 includes a locking scetion 2444 that can be used to lock a piercing moember holder
and/or piercing member into an intial position while the plunger assembly 2510 is
withdrawn from the exiraction assembly housing 2170, This 1s described in more detail

below.
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{6245] Figure 46 illustrates a cross section of the medical connector 2220 and
commector holder 2570, In some embodiments, as described above, n the first locked
position the medical connector has been inserted into the comnector holder until a
projection, such as the circumterential projection 2238, s between one or more first lock
potnds 2790 and one or maore second lock points 2780, Preferably, in the furst locked
position the second secal 2280 of the medical connector can be in a closed position, as
illustrated.

{0246] When the medical connector 2220 is advanced further inmto the
connector holder 2570 and toward a second locked position, @ proxumal protrusion 2730
of the connector can cause the third seal 2720 1o move distally, as described above,
thereby opening the third seal and fluid access to the barrel 2470, In some embodiments,
the third seal 2720 can include s distal recess 2722 that can be configured to receive a tip
of the proximal protrusion 2730, This can help ensurc alignment between the third scal
and the proximal protrusion. In some embodiments, while the medical connector is
advanced a third section 2876 of the first barrel can be inserted into the connector and
cause the second seal 2280 to move distally, also described above, thereby opening fluid
communication through the medical connector 2220.

{82471 Figure 47 illustrates a cross section of a distal end of the second barrel
2480, including the locking section 2444, In some embodiments, the locking section can
inchide one or more locking arms 2446 that are preferably biased toward an unlocked
position in which they are generally parallel to a longitudinal axis of the second barrel
Preferably, the locking arms can be flexed radially inward into a locked position, as
ilhustrated.

10248] In some embodiments, the ocking arms 2446 can cach inchude a radial
projection 2441 and one or more circumferential projections 2443 extending from the
radial projection. In the locked position, the radial projections and at least a portion of
the locking arms 2446 can extend mto or through a slot 2487 (for example, as shown in
Figires 64 and 65) between prongs 2489 of the sceond plunger 2484, The
circumferential projoctions 2443 can extend beneath a lip 2485 of a prong 2489 such that
the prong inhibits or prevents the locking srms 2446 from rveturning to the wunlocked
position, while still allowing axial movement between the prongs 2489 and locking arms
2446, Prefervably, the second phmger 2484 has two prongs 2489 and cach radial

projection 2441 has two circumferential projections 2443, one extending beneath a lip of
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each prong. This can be seen, for example, in Figures 60 and 61 described below. In
some embodiments, one or more of the radial projections may have just one
circamferential projection.

162491 In some embodiments, the picreing member holder 2640 can include
one or more cutouts 2641 configured to receive the radial projections 2441 and/or the
circumferential projections 2443, o some embodiments, as illustrated for example in
Figures 62 and 63 below, the piercing member holder 2640 can nclude a single
circumfercntial cutout 2641 that can reccive the radial prejections 2441 and/or the
circumferential projections 2443, Having cutouts that receive the radial projections 2441
and/or the circomferential projections 2443 can lock the position of the piercing member
relative to the second barrel 2480 while the locking arms 2446 are in the locked posttion.
Thus, in such embodiments the second plunger 2484 can be withdrawn without moving
the piercing momber holder 2640 or the picrcing member 2160, In some embodiments,
withdrawing the secound plunger while the locking arms are i the locked position can
increase the tension in the retraction spring 2725, When the second plunger s withdrawn
completely past the circuomferential projections 2443, the prongs 2489 will ne longer
retain the locking arms 2446 in a locked position and the locking arms can return to an
unlocked position. When the locking arms return to the unlocked position, the radial
projections and/or the circumferential projections can cxit the cutouts 2641 of the
piercing member holder. This will frec the picrcing member holder 2640, allowing the
retraction spring 2725 to retract the piercing member holder and the picreing member,

{0250] With reference to Figure 48, once the vascular access system 2140 has
been removed from any packaging and/or siorage, the cap 2156 can be romoved.
Preferably, the plonger assembly 2510 is completely inserted into the extraction assembly
housing 2170 and a distal tip 2738 of a picrcing member cxtends from the catheter 2164,
In some cmbodiments, the plunger assembly may need to be inserted further into the
cxtraction assembly housing 2170 for the distal tip to extend from the catheter. In some
cmbodiments, the distal tip extends from the catheter when the plunger assembly bas not
been fully inserted.

{02811 In some embodiments, the medical connector 2220 can be moved into

~
I
i

the second locked position within the medical connector holder 2570, as illustrated in

Figure 49, prior to inserting the piercing member and catheter into a patient.  In some
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embodiments, the medical conpector can be moved into the second position after
mserting the piercing member and catheter into a patient.

{6252] Once the picrcing member and catheter have been mserted into a
patient, i can be desirable to seek confirmation that the picreing member and catheter are
properly positioned within a blood vessel of the patient. Thus, the plunger assembly 2510
can be partially withdrawn 1o create a vegative pressure in the first barrel and to draw
bleod into the picrcing member and catheter, as Ulustrated in Figure 50. In some
cmbodiments, a picrcing member can be coufigured according to the embodiments
discussed with reference to Figure 27, and blood that reaches the opening 743 of the
piercing moember can be visible through the catheter. In some embodiments, other forms
of confirmation can be used, such as sceing blood within the bousing 2110,

[0253] Also, as described above, in some embodiments withdrawing the
phunger asscmbly can cause a locking projection 2592 of a locking device 2514 to ride up
onto a second connecting soction 2532 of the exiraction assembly housing 2170,
Preferably, the second connecting section 2532 can be sized such that the locking arms
2446 remain in the locked position while the locking projection remains on the second
connecting section. Preferably, when the plunger asscmbly 2510 is withdrawn far encugh
for the locking projection to move into the sccond channel 2524 of the extraction
asscmbly bousing, the second plunger 2484 will be withdrawn far enough for the locking
arms 2446 to return to an unlocked position. In some cmbodiments, the locking arms can
return to an unlocked position while the locking projection is on the second connecting
section. In some embodiments, the lock arms can retorm to an unlocked position after the
locking projection has moved into the second channel.

{82841 In some embodiments, the vascular access system 2140 can be
configured such that the locking arms 2446 return to an unlocked position after the
phinger assembly 2510 has been withdrawn far encugh to draw a defined volume of
blood into the system through the piercing member. In some embodiments, the piercing
member 2160 may not retract until the defined volome of bisod has been drawn mto the
system. In some embodiments, the defined volame of blood can be an amount required to
provide confirmation that the piercing member has been properly positioned within a
blood vessel of the patient. In some embodiments, the defined volume of bloed can be an
amount required to pass through the catheter and into the needieless connector 2228, In

some embodiments, the defined vohime of blood can be an amount required to prime the
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connector.  In some embodiments, the defined volume of blood can be greater than or
equal to about 1 cubic contimeter. In some embodiments, the defined volume of blood
can be greater than or equal to about 3 cubic centimeters. In some embodiments, the
defined volume of blood can be greater than or equal to about 7 cubic centimeters. In
some embodiments, the defined volhume of blood can be greater than or cqual to about 15
cubic centimeters.

{§255] Figure 51 illustrates second barrel 2480 and second plunger 2484 when
the second plunger has been withdrawn far enough for the locking arras 2446 to move to
the unlocked position.  As Ulustrated, the radial projections 2441 can move away from the
cutouts 2641 (or from a single, circumfercntial cutout), allowing the piercing member
holder 2640 10 move relative to the second barvel and allowing the retraction spring 2725
to withdraw the picrcing reember holder. Figure 52 tllustrates the vascular access system
2140 once the piercing member holder and picrcing member 2160 have been withdrawn,
As illustrated, once withdrawn, the piercing momber is preferably entircly within the
seccond barrel 2480 such that accidental sticks of the distal tip 2738 can be inhibited or
prevented.

{0256] With further reference to Figure S1, in some ombodiments the
circumferential projections 2443 of the locking arms 2446 can block distal movement of
the second plunger 2484 when the locking arms are in the unlocked position. This can
help inhibit or prevent further insertion of the second phinger, which could re-expose the
piercing member and risk accidental sticks. When a vascular access systom 2140 is first
asscmbled, the locking arms can be manually moved into the locked position in order 1o
insert the second phunger past the circumferential projections 2443, The second phinger
would then retain the locking arms in the locked position, as described above. Preferably,

when first assembling the access system, the locking arms are moved into the locked

723

position before the spring 2725 is tensioned, such as by pulling it and attaching it to the
connecting portion 2492 (illustrated in Figure 39).

{82571 Once the plunger assembly 2510 has been withdrawn far enough to
allow the plercing member 2160 to retract, the plunger assembly can be withdrawn
further to create more negative pressure in the first barrel 2470, This can draw blood
through the catheter 2164 and into the connector 2220 to ensure that the comector is
primed.  Figure $3 illustrates a vascular access system as the plunger assembly is

withdrawn to prime the comnector.  As ilhustrated, the locking projection 2592 is
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preferably within the second channel 2524, When the locking projection is within the
second channel the plunger assembly can be freely withdrawn without needing the
locking projection 1o pass over any section connecting the first barre! 2470 and second
barrel 2480, This free motion requires less force than would be required to pull the
locking projection over conmecting scctions and can also inhibit or prevent vibrations.
This can make it less hikely that a clinician will accidentally shp or move the catheter
when priming the connector.

1H288] Figures 54-56 illustrate the plunger asscrubly 2510 when it has been
withdrawn 10 2 maximuo position.  In some embodiments, withdrawing the plunger
assembly to the maximum position draws cnough blood such that bleod passes through
the connector 220 and tuto an inmer chamber 2870 of the first barrel 2470, Preferably, the
first barrel 2470 is transhucent or clear such that a clinician can see blood within the inner
chamber 2870 to confirm that the medical connector has been fully primed.

{H159] Preferably, the plonger assembly 2510 in the maximum position is still
at least partially within the exiraction assembly housing 2170, This can cnsure that any
blood drawn into the first barrel 2470 is not able to spill out the proximal end of the
barrel. It can also ensure that the picrcing member remains protected by the second barrel
2480, In some embodimentis, as described above and as illusirated in Figore 55, a third
connecting section 2534 can interact with the locking projection 23592 to inhibit or
prevent withdrawal of the plunger assembly beyond the maxirmum withdrawal position.

[B268] With reference to Figures 57 and 58, once the plonger assembly 2510
has been withdrawn to retract the piercing member 2160 and the medical connector 2220
has been confirmed to be primed, the medical connector 2220 can be removed from the
connector holder 2570. Figure 57 illustrates the medical conmector in the second locked
position. The clips 2770 can be pinched, squeezed, or otherwise acted upon to separate
opposing lock points 2780 from cach other, allowing the circomferential projection 2238
to clear the second lock points and the medical connector to move to the first locked
position. From the first locked position, the medical connector can be further withdrawn,
the circumferential projection acting on the first lock points 2790 to separate them and
allowing the medical connector to pass through, as described above.

{82611 When the medical connector is withdrawn from the connector holder,
as shown in Figore 58, the spring 2724 can bias the third seal 2720 back into the third

section 2876 of the first barrel 2470, The third seal can seat in the third section to create
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a scal that prevents or substantially prevents fluid within the first barrel from moving past
the third seal. Also, the second seal 2280 within the medical conmector 2220 can return to
a closed position, mhibiting or preventing floid from passing through the medical
connector.

16262} As illustrated i Figure 59, in addition to romoving the medical
connector 2220 from the connector holder 2570, the second barrel 2480 can be removed
from the housing 2110, The exiraction asscmbly housing 2170 and phinger assembly
2510 can be discarded and the medical connector 2220 and housing 2110 can be used to
access the pationt as desired.

16263] Figures 60 through 63 lustrate varicus aspects of the vascular access
system 2140 used in the method described with respect to Figures 45-59. Figure 60 is a
cross-sectional view of the access system 2140 when a medical connector 2220 has been
advanced into a second locked position within a connector holder 2570, Figure 61 is a
cross-sectional view of an extraction assembly housing 2170, Figures 60 and 61 illustrate
an cxample of an embodiment in which the locking arms 2446 of the howsing 2170
inchude multiple radial projections 2443, o some embodiments, as further illustrated by
cxample in Figures 60 and 61, the inner chamber 2580 of the second barrel 2440 can have
a generally constant funer diameter, excluding the radial projections 2441,

{82641 Figures 62 and 63 illustrates an embodiment of a piercing member
holder 2640 that mchudes a single circumferential cutout 2641 that can receive the radial
projections 2441 and/or the circummferential projections 2443 of the locking arms 2446,
Figire 62 is a front view and Figore 63 18 a cross-sectional view taken along the line 63-
63 of Figure 62.  As described above, when the radial projections 2441 and/or the
circumferential projections 2443 of the locking arms are positioned within the cutout
2641, they can block movement of the holder 2640,

{8265] Figure 64 illastrates a front view of a planger assembly 2510 that can
be used with a vascular aceess system 2140 where withdrawal of a piercing member is
decoupled from initial movement of a plunger assembly 2510, Figure 65 illustrates a
bottom view of the plunger assembly. In some embodiments, the slots 2487 between
prongs 2489 can be narrower than i the embodiments discussed with respect to Figure
39. This can help provide additional strength to the prongs, which do not need to bend
mward to block movement of a piercing member holder. In some embodiments, the slots

can be the same size. Preferably, the slots are at least as wide as the locking arms 2446
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on the second phmger 2484, This can allow the locking arms to pass through the slots
when the locking arms are in 8 locked position.

{8266] In some embodiments, the size of the slots can be defined with respect
to their radial width o along an inner circumference of the sccond phinger 2484, n some
cmbodiments, for example, the slots can have 2 radial width o that is greater than or equal
to about 5 degrees and/or less than or equal to about 60 degrecs. o some embodiments,
the slots can have a radial width o that is greater thar or equal to about 10 degrees and/or
less than or equal to about 50 degrees. In some embodiments, the slots can have a radial
width « that is greater than or equal to about 15 degrees and/or less than or equal to about
40 degrees. In some embodiments, the slots can have a radial width o that is greater than
or equal to about 25 degrees and/or less than or equal to about 35 degrees.

10267} Figure 66 illustrates a flow chart of one embodiment of a method of
using a vascular access system. The method can include the step 3010 of providing a
vascular access system.  The vascular access system can be configured according to any
of the various embodiments described herein, The method can further toclode the step
3020 of engaging a medical connector with a fluid extraction assembly., In some
cmbodiments, this can include attaching the medical comnector to a medical connector
holder, although in some embodiments the medical connector may already be attached.
In some embodiments, this step can include moving the medical connector into a second
locked position within the fluid extraction assembly, such as within the medical
connector holder.

1826381 In varipus embodiments, the method can further include the step 3030
of inserting a piercing member into a patient’s blood vessel. In some embodiments, this
also includes inserting a catheter into the blood vessel with the piercing member. Unce
the piercing member has been tuserted into the blood vessel, its position can be confirmed
at step 3040. This can include, for example, looking for blood in the catheter or an outer
housing of the catheter. Blood can enter the catheter or outer housing as described above,
such as through a slot 742 or opening 743 of the piercing member {e.g., Figure 27). In
some embodiments, a plunger can be partially withdrawn from the access system o
facilitate blood flow through the piercing member to confirm its position. In some
embodiments, the patient’s blood pressure can be sufficient to confinm the piercing

member position and a plunger does not need to be withdrawn.



WO 2015/119940 PCT/US2015/014240

[6269] Once the picreing member is properly positioned, and with it a
catheter, the piercing member can be rotracted at step 3050, In some embodiments, this
can be done by at least partially withdrawing 4 plunger from the access system. Ongce the
piercing mcruber is properly positioned, the medical connector can also be primed at step
3060. In some emboduments where a plunger is at least partially withdrawn fo retract the
piercing momber, withdrawing the plunger can also createc a negative pressure to draw
bleod wdo the medical connector to prime the medical connector. In some embodiments,
the medical connector ¢an be primed or partially primed before the piercing member is
retracted.  In some embodiments, the piercing member can be retracted before the
medical connector is primed or partislly primed. o some embodiments, the piercing
member can be automatically retracted as described above.

16276} Once the medical connector has been primed, Ut can be disengaged
from the fluid extraction assembly at step 3070, This preferably includes disconnecting
the medical connector entirely from the fluid extraction assembly. The medical connector
can then be used to connect other medical devices to the patient’s blood sircam,

[6271] Figure 67 illustrates a flow chart of one embodiment of a method of
using a vascular access system. The method can include the step 3100 of providing a
vascular access systom.  The vascular access system can be configured according to any
of the various embodiments described herein, The method can further tnclude the step
3110 of inserting a catheter into a patient’s blood vessel. Once the catheter has been
inseried into the blood vessel, a medical connector of the vascular access system can be
primed with the patient’s blood. This can be done according to any of the varicus
embodiments described above, such as by withdrawing or partially withdrawing a
phinger.

[6272] Althoagh systems and methods have been disclosed in the context of
certain embodiments and examples, # will be understood by those skilled in the art that
the systems and methods extend beyond the specifically disclosed embodiments to other
aliernative embodiments and/or uses of the cmbodiments and certain modifications and
equivalents thereof. In certain embodiments various components are integrated and/or
replaced by a single component. It should be understood that various features and aspects
of the disclosed embodiments can be combined with or substituted for one another in
order to form varving modes of priming systems.  Accordingly, it is intended that the

scope of the systems and methods herein-disclosed should not be limited by the particular
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disclosed embodiments described above, but should be determined only by a fair reading
of current and/or future claims.

[6273] None of the steps described herein is essential or indispensable.  Any
of the steps can be adjusted or modified. Other or additional steps can be used. Any
portion of any of the steps, processes, structures, and/or devices disclosed or illustrated in
one embodinent, flowchart, or example in this specification can be combined or used
with or nstead of any other portion of any of the steps, processes, structures, and/or
devices disclosed or tlustrated in 2 different cmbodiment, flowchart, or example. The
cmbodiments and examples provided herein are not intended 1o be discrete and scparate
from each other,

{62741 Some of the devices, systems, cmbodiments, and processes use
computers. Each of the routines, processes, methods, and algorithms described in the
preceding sections may be embodied in, and fully or partially automated by, code
modules executed by one or more compuicrs, compuler processors, of machings
configured fo exccutc computer instructions. The code moduics may be stored on any
type of non-transitory compuicr-readable storage medium or tangible computer siorage
device, such as hard drives, solid state memory, flash memory, optical dise, and/or the
likee The processes and algorithms may be implemented partially or wholly in
application-specific circuitry, The results of the disclosed processes and process steps
may be stored, persistently or otherwise, in any type of non-transitory computer siorage
such as, e.g., volatile or non-volatile storage.

{B275] Language of degree used herein, such as the terms “approximately,”
“about,” “generally,” and “substantially” as used herein represent a vahie, amount, or
characteristic close to the stated value, amount, or characteristic that still performs a
desired fimetion or achigves a desired result, For example, the terms “approximately,”
“about,” “gencrally,” and “substantially” may refer to a valoe, amount, or characteristic
that is within less than 10% of, within less than 5% of, within less than 1% of, within less
than 0.1% of, and within less than 0.01% of the stated value, amount, or characteristic.
As ancther example, in certain embodiments, the terms “gencrally paraliel” and
“substantially parallel” refer to a value, amount, or characteristic that departs from
exactly parallel by less than or equoal to 15 degrees, 10 degrees, 5 degrecs, 3 degrees, 1
degree, 0.1 degree, or otherwise, The term “about” when used before a mumber,

discloses both the exact nmumber and numbers that are approximately equal to the number.
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{B276] The term “and/or” means that “and” applies to some embodiments and
“or” applies to some embodiments. Thus, A, B, and/or C can be replaced with A, B, and
C written in one sentence and A, B, or C writien in another sentence. A, B, and/or C
means that some embodiments can include A; some cmbodiments can include B; some
cmbodiments can include C; some embodiments can include A and B; some embodiments
can nchude A and C; some embodiments can inchude B and C; and some embodiments
inchade A, B, and C. The term “and/or” is used to avoid unmecessary redundancy.

{62771 The various features and processes described above may be used
independently of one another, or may be counbined in various ways. Al possible
combinations aud subcombinations are intended to fall within the scope of this disclosure.
In addition, certain method, event, state, or process blocks may be omitted in some
implementations. The methods and processes described herein are also not limited to any
particular sequence, and the blocks or states relating thereto can be performed in other
sequences that are appropriate. For example, described tasks or events may be performed
in an order other than the order specifically disclosed. Multiple steps may be combined
in a single block or statc. The example tasks or evenis may be performed in serial, in
paralicl, or in some other manner. Tasks or cvents may be added to or removed from the
disclosed example embodiments. The example systems and components described herein
may be configured differently than described. For example, clemenis may be added to,
removed from, or rearranged compared to the disclosed example embodiments.

182781 Conditional language used herein, such as, among others, “can,”

59 6k, bR N2 52

“could,” “might,” “may,” “c.g.,” and the like, umless specifically stated otherwise, or
otherwise understood within the context as used, is generally intended to convey that
certain embodiments inclode, while other embodiments do not include, certain features,
clements and/or steps. Thus, such conditional language is not generally tntended to tmply
that features, elements and/or steps are in any way required for one or more cmbodiments
or that one or more embodiments necessarily include logic for deciding, with or withouot
author input or prompting, whether these features, elements and/or steps are inchuded or
are to be performed in any particalar embodiment. The terms “comprising,” “inchuding,”
“having,” and the like are synonymous and are used inclasively, in an open-ended
fashion, and do not exchude additional elements, features, acts, operations and so forth.
Also, the term “or” is used in its inclusive sense {and not in its exclusive sense) so that

when used, for example, to connect a list of elements, the term “or” means one, some, or
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all of the clements n the hist. Conjunctive language such as the phrase “at least one of X,
Y, and Z,” unless specifically stated otherwise, 1s otherwise understood with the context
as used in general to convey that an ftem, term, cte. may be either X, Y, or Z. Thus, such
conjunctive language is not gencrally intended to imply that certain embodiments require
at least one of X, at least one of Y, and at least one of Z to each be present.

162791 As used hercin, the term “clinician” means any individual who might
be using, operating, or otherwise conirolling the various devices, systems, and

embodiments described hercin.
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THE FOLLOWING IS CLAIMED:

1. A vascular access system for placement of a catheter within a patient’s
blood vessel, the vascular access system comprising:

a first barrel;

a second barrel;

a plunger comprising a first shaft and a second shaft, wherein the first
shaft is slidably coupled inside at least a portion of the first barrel between a first
position and a sccond position, and the second shaft is shdably coupled nside at
least a portion of the second barrel between a first position and a second position;

a piercing member coupled to the second shaft, the piercing member
movable from a first position in which a distal tip of the plercing member extends
from a distal portion of the second barrel to a second position in which the distal
tip is retracted into the second barrel; and

a first reservolr located inside of the first barrel such that shiding the first
shaft proximally relative to the first barrel increascs a volame of the first
TESErVOiL,

2. The vascular access system of Claim 1, wherein the plonger is configured
such that moving the plmger proximally relative to the first barrel simultancously retracts
the piercing member and increases the volame of the first reservoir.

3 The vascular access systern of Claim 1, wherein the first barrel and the
seccond barrel are oriented parallel relative to cach other.

4. The vascular access system of Claim |, wherein the first barrel is located

in a first position that 15 fixed relative to the second barrel, wherein the first barrel
comprises a first contral axis and the sccond barrel comprises a secound ceniral axis, and
wherein an angle between the first contral axis and the second central axis is less than 25
degrees.
5. The vascular access system of Claim 1, further comprising a plunger
handle coupled to the first shaft and to the second shaft such that moving the plunger
handle proximally increases the volume of the first rescrvoir and at least partially retracts
the piercing member.

6. The vascular access system of Claim §, wherein the plunger comprises a

third shaft locaied between the furst barre! and the second barrel.
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7. The vascular access system of Claim 6, wherein the first shaft, the second
shatt, and the third shaft are oriented paraliel relative to each other.

g. The vascular access system of Claim 1, wherein the plercing member
remains in the first position unti! the volume of the first reservoir has been mercased by a
threshold volume, and wherein the piercing member moves to the sccond position when
the volume of the first reservoir has been increased by a volume greater than the
threshold velume.

9. The vascular access system of Claim ¥, wherein the threshold volume is
greater than | cabic centimeter.

10. The vascular access system of Claim 8, whercin when the piercing
member 1s in the first position the distal tip of the piercing merber is a generally constant
distance from the distal portion of the second barrel.

1. The vascular access systemn of Claim 1, wherein the second barre
comprises flexible locking arms having a locked position configured to lock the picrcing
member axially relative to the second barrel and an wmlocked position in which the
piercing member can move axially relative 1o the second barrel.

12. The vascular access system of Claim 11, whercin a biasing member
couples the piercing member to the second shaft,

13 The vascular access system of Claim 12, further comprising a plercing
member holder coupling the piercing member to the biasing member.

14. A vascular aceess system comprising:

& catheter comprising a first passage;
& picrcing member oriented coaxially with the first passage and configured

1o shide out of the first passage of the catheter;

& fluid removal syringe comprising a fluid rescrvoir and a plunger,
wherein the fluid removal syringe is configured such that sliding
the plunger proximally expands the fluid reservoir,
wherein the plunger is coupled to the piercing member such that
sliding the plunger proximally causes the picrcing member fo retract
proximally with respect to the catheter; and
& second passage that fluidly couples the first passage to the fluid removal
syringe, wherein the second passage s configured such that fluid can flow from

the first passage to the fluid removal syringe.
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15, The vascular access system of Claim 14, further comprising a guide
having a fumnel portion, a cylindrical portion, and an mmer chamnel, wherein a proximal
portion of the catheter is located inside of the cylindrical portion of the guide and the
guide 1s configured to direct the piercing member towards the catheter as the piercing
member passes through the inner channel of the guide.

16. A vascudar access system comprising:

a plunger handle;

a syringe comprising a plunger and a flind reservoir having a volume,
wherein the plunger is coupled to the plunger handle and the syringe is configured
such that moving the phmger proximally increases the volome of the tlud
reservolr; and

a plercing member coupled to a shaft that is coupled to the plunger handle,
wherein the shaft is coaxial with the piercing member and the syringe is laterally
spaced from the shatt.

17. The vascular access systemn of Claim 16, further comprising a catheter
wherein at least a portion of the piercing member is located inside of the catheter.

18, The vascular access system of Claim 17, wherein the piercing member
comprises a needle having a distal tip and a solid proximal portion, wherein the needle
comprises a passage that fluidly couples a first hole i the distal tip with a second hole
located proximally relative to the distal tip and located distally relative to the solid
proximal portion.

19, The vascular access system of Claim 16, further coraprising a housing that
couples the cathoter to the syringe, wherein the catheter is coaxial with the piercing
member,

26, The vascular access system of Claim 19, further comprising a lever arm
having = distal portion located distally relative to a pivot and a proximal portion located
proximally relative o the pivot, wherein the pivot couples the lever arm o the syringe.

2L The vascular access system of Claim 20, wherein the syringe compriscs a
central axis, and wherein the distal portion of the lever arm comprises a first tooth that
extends perpendicularly relative to the central axis and the housing comprises a second
tooth that extends perpendicularly relative to the central axis, wherein the first tooth s
configured to contact the second tooth to Hielt proximal movement of the syringe relative

to the housing.
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22. The vascular access system of Claim 21, wherein the first tooth exiends
radially inward relative to the central axis and the second tooth extends radially outward
relative to the central axis, and wherein the lever arm is configured such that pressing the
proximal portion of the lever arm radially foward moves the first tooth radially outward
such that the first tooth no longer Hmits the proxamal movement of the syringe.

23, The vascular access system of Claim 21, wherein the plunger handle
comprises a slidable blocking bar located radially inward from the proximal portion of the
lever arm, wherein the blocking bar is in a distal position to inhibit or prevent the
proximal portion of the lever arm from moving radially mward far enough to allow the
first tooth to no longer Hmit the proximal movement of the syringe relative to the
housing.

24, The vascular access system of Claim 20, wherein the syringe comprises a
central axis, and wherein the distal portion of the lever arm comprises a first tooth and the
housing compriscs a distally facing surface oriented at an angle within 75 to 1035 degrees
relative to the central axis, wherein the first tooth of the lever arm contacts the distally
facimg surface such that the first tooth is configured to Hmit proximal motion of the
syringe relative to the housing unless the proximal portion of the lever arm is moved
radially to move the first tooth away from the distally facing surface.

25. The vascular access system of Claim 24, wherein the syringe comprises a
flow controller and the distal portion of the lever arm compriscs a second tooth located
proximally relative fo the first tooth, wherein a proximal protrusion bolds the flow
condroller in an open position.

26, The vascular access system of Claim 20, wherein the syringe compriscs a
central axis, and wherein the distal portion of the lever arm conprises a first tooth and a
sccond footh, wherein the second tooth is located proximally relative 1o the first tooth,
and the housing comprises a distally facing surface oriented at an angle within 75 to 105
degrees relative fo the ceniral axis, wherein the second tooth of the lever arm is atiached
to the distally facing surface such that the second tooth 15 configured to Hiolt proximal
motion of the syringe relative to the housing, wherein the syringe comprises a flow
condroller, wherein contact between the second tooth and the distaily facing surface
presses a proximal protrusion against the flow controller to held the flow controller in an

open position.

- 66 -



WO 2015/119940 PCT/US2015/014240

27, The vascular access system of Claim 16, further comprising a barre
oriented coaxially with the piercing member, wherein at least a portion of the shaft is
located inside of the barrel and the plunger handle is located proximally relative to the
barrel and the syringe is located outside of the barrel, wherein the piercing member is
configured to retract into the barrel,

28. The vascular access system of Claim 16, further comprising a ratchet
assembly configured to allow proximal motion of the plunger handle relative to the
syringe and configured to block distal motion of the phimger handle relative to the
syringe.

29, The vascular access system of Claim 28, wherein the ratchet assembly
comprises a lnear rack coupled to the plunger handle and the ratchet assembly comprises
a pawl coupled to the syringe.

30, The vascular access system of Claim 28, wherein the ratchet assembly
comprises a lnear rack coupled to the syringe and the ratcher assembly comprises a pawl
coupled to the plunger handle.

3L The vascular access system of Claim 30, wherein the Hinear rack comprises
at least three teeth and the pawl comprises a protrusion that extends towards the three
tecth.

32. The vascular access system of Claim 31, wherein each of the three teeth
comprises a distal face oriented at an angle of at least 115 degrees and less than {55
degrees relative to a distal cod of a central axis of the syringe.

33, A vascular aceess system comprising:

& plunger assombly comprising a first plunger and a shaft, wherein the
shaft is laterally spaced from the first plunger, wherein the first plunger and the
shaft arc coupled by a base, and wherein the first plunger extends distally from the
base and the shatt extends distally from the base;

& syringe comprising a fluid rescrvoir having a volume, wherein at lcast a
portion of the first plunger is located inside of the syringe, and the syringe 15
contigured such that moving the first plunger proximally relative to the syringe
fereases the volume of the fluid reservoir

a catheter;

& first passage located in a catheter;
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a sccond passage located in a conmector that couples the catheter to the
syringe, wherein the second passage is configured to be placed in thad
communication with the fluid reservoir;

a third passage configured to fluidly couple the first passage to the second
passage to enable fluid communication from the first passage to the fhad
reservoir; and

a piercing member coupled to the shaft of the plunger assembly, wherein
the piercing member 1s located at least partially fnside of the first passage,
wherein the piercing member is configured to retract proximally out of the first
passage, and

wherein the vascular access system is configured such that moving the
plunger assembly proximally relative to the syringe proximally retracts the
piercing member and commumicates fhuid from the fivst passage to the fhad
TESETVOIr.

34, The vascular access system of Claim 33, wherein moving the plunger
assembly proximally communicates flaid from the first passage to the fluid reservoir
before retracting the piercing member.

35, The vascular access system of Claim 33, wherein the second passage is
oriented parallel to the first passage and the third passage is oriented perpendicular to the
first passage.

36.  The vascular access system of Claim 33, further comprising a tube that
couples the comnector to the catheter, wherein at least a portion of the third passage is
located inside of the tube.

37 The vascular access systern of Claim 36, further comprising a clamp that
removably couples the connector to the catheter,

38, The vascular access system of Claim 37, wherein the clamp is a C-shaped
clanyp.

34, The vascular access systern of Claim 37, further comprising a housing
having a distal passage and a proximal passage, whercin the tube comprises a first end
located in the proximal passage and a sccond end coupled to the connector, whergin at
least a proxiroal portion of the catheter is located in the distal passage of the housing, and
wherein the distal passage and the proximal passage are orierted at an angle relative to

cach other of at least 25 degrees and less than 70 degrees.
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40. The vascular access system of Claim 37, wherein the connector comprises
a flow controller capable of opening and closing at least a portion of the second passage.
41. The vascular access system of Claim 40, wherein the flow controller
comprises a seal configured to block an exit from the sccond passage.
42. A method to remove fluid and a piercing member from a vascular access
assembly, the method comprising:
obtaining a vascular access system comprising:

a syringe comprising a barrel, a plunger, and a fliid reservoir
having a volume, wherein a piercing member is coupled to the plomger and
the syringe is configured such that moving the phimger proximally relative
to the barrel increases the volume of the fhid reservoir and moves the
piercing member proximally relative to the barrel; and

a catheter comprising a passage configured to commumicate fluid to
the fluid reservoir;
opening a channel between the fhnd reservoir and the passage of the

catheter by moving the syringe distally relative 1o the catheter;
extending the piercing member from a distal end of the catheter;
mserting the piercing member into a patient; and
retracting the piercing member proximally relative fo the catheter while
removing the fluid from the chamnmel.
43, The method of Claim 42, further comprising determining if blood from the
patient is flowing into the passage.
44, The method of Claim 42, further comprising determining if blood from the
patient is flowing into the fluid reserveir,
45, The method of Claim 42, wherein opening the channel comprises moving
the phunger distally relative to the catheter,
46, The method of Claim 42, wherein opening the channel comprises moving
a flow controller to an open position.
47, The method of Claim 42, wherein the flow controlier comprises a seal
configured to block an exit of the chanuel, and wherein operdng the channel comprises

compressing the seal to unblock the oxit.

- 69 -



WO 2015/119940 PCT/US2015/014240

48. The method of Claim 42, further comprising locking the channel n an
open position to allow {luid communication between the passage of the catheter and the
fluid reservoir.

49, The method of Claim 42, wherein retracting the piercing member
proximally relative to the catheter while removing the fluid from the channel comprises
moving the plunger proximally while activating a one-way ratchet assembly configured to
allow proximal movement while blocking distal movement of the plonger relative to the
barrel.

56, The method of Claim 42, further comprising disengaging a lock that
couples the syringe to the catheter and then decoupling the syringe from the catheter.

St A method of using a vascular access system 1o place a catheter in a patient,
the method comprising:

providing a vascular access system comprising a plunger housing, a
plunger assembly slidably positioned within the plunger housing, a catheter
housing conmected to the phmger housing, a catheter conmected to the catheter
housing, and a piercing member having a {irst position in which the piercing
member extends through the catheter and a distal tp of the picreing member i3
outside of the catheter;

inserting the piercing member and catheter into a blood vessel of a patient;

drawing the plunger assembly proximally relative to the plunger housing

1o draw blood into the catheter while the picrcing menber remains n the first

position;

drawing the planger assembly proximally relative to the plunger housing

1o retract the distal tip of the picrcing member into the plunger housing; and

disconnecting the catheter housing from the plunger housing.

32, The method of Claim 51, wherein drawing blood into the catheter
comprises drawing blood 1uto the picrcing member.

53, The method of Clatm 51, further comprising confirming that blood s
drawn into the catheter before contimuing to draw the plunger assembly proximally
relative 1o the plunger housing 1o retract the distal tip of the piercing member inte the

plunger housing.
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54, The method of Claim 51, wherein the vascular access system further
comprises a medical connector connected to the catheter housing and to the plunger
housing.

S8, The method of Claim 54, further comprising drawing the plunger assembly
proximally relative o the plunger housing to prime the medical connector.

6. The method of Claim 35, further comprising discomnecting the medical
connector from the plunger housing.

57. The method of Claim 55, wherein the plunger assembly is drawn
proximally relative to the plonger housing to prime the medical conmector after the
plunger assembly s drawn proximally relative to the plonger housing to retract the distal
tip of the piercing member inte the plunger housing.

58. The method of Claim §1, wherein the distal tip of the piercing member is a

first distance from the catheter when the piercing member is in the first position.
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