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(57) Abrege/Abstract:

A device for inserting a catheter into a blood vessel that uses fluid flow to aid the Iinsertion of the catheter into a patient is described
herein. The device Includes a catheter retention device that houses a catheter and Is configured to attach to an angiocatheter or
other blood vessel access device. The catheter retention device recelves fluid and guides the catheter into the blood vessel using
the flow of fluid to carry the catheter into the blood vessel
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vessel that uses fluid flow to aid the insertion of the catheter

ﬂ into a patient 1s described herein. The device includes a cath-

/ _ o - cter retention device that houses a catheter and 1s configured

yéﬁ U to attach to an anglocatheter or other blood vessel access

device. The catheter retention device receives fluid and

guides the catheter mto the blood vessel using the flow of
fluid to carry the catheter into the blood vessel
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TITLE

CATHETERS AND RELATED EQUIPMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of continuation-in-part U.S. application Ser.
No. 13/660,790, filed on October 25, 2012, which is a continuation-in-part application of U.S.
application Ser. No. 12/297,637 filed Oct. 17, 2008, which is a national phase application of
International Application No. PCT/USO7/6693O filed Apr. 19, 2007, and entitled “Central
Venous Catheters and Related Equipment,” which claims the benefit of U.S. Provisional

Application No. 60/794,051, filed Apr. 21, 2006, the contents of all of which are hereby

incorpbrated by reference in their entirety.
BACKGROUND

[0002] Catheters have long been used for injecting fluids into the central venous
circulation. Needles and relatively short peripherally inserted venous catheters (PIVC) are used
for routine blood draws and fluid administrations. Central catheters discharge fluids centrally in
the venous vasculature, and are commonly used for administering drugs that are too damaging to
the veins to administer peripherally, for example, some chemotherapy, antibiotics, and parenteral
nutrition. If the catheter and/or the veins are large enough and strong enough, they can be used
for the rapid injection of contrast agents for imaging procedures such as, for example, CT, MR,
ultrasound, and molecular imaging studies. PIVC lines are generally inexpensive and can be

placed or installed by normal nurses or in some cases by specially trained phlebotomists.

[0003] Longer central catheters and infusion ports are, generally, placed into veins in the
chest or neck and usually require surgery to be inserted into the vein. More recently, long
flexible catheters generally referred to as peripherally inserted central catheters (PICC) have
replaced infusion ports that are surgically implanted. These PICC lines can be inserted through a
vein in the arm into the central venous circulation near the heart by trained nurses providing a
more economic and patient friendly means for inserting a central catheter or infusion port.
Generally, a guide wire is provided in the lumen of the flexible catheter to provide rigidity

during the insertion procedure and a stiff needle, optionally with a dilator, is used to gain access

_1-



CA 02889409 2015-04-24

WO 2014/065969 PCT/US2013/061327

to the vessel. The insertion procedure is carried out using a fluoroscope (or an ultrasonic imaging
device) to help the user guide the catheter through the vessel into the central vena cava and to
confirm proper placement of the catheter tip. Once in place, the needle or guide wire is removed,
leaving the flexible catheter with the distal tip properly positioned for injection of fluid. These
catheters can be left in place for days to months for the low flow-rate infusion of medication into
the patient, and/or for sampling blood in patients with veins that have been compromised by
disease or by the corrosive effects of chemotherapeutic drugs. The issues with PICC placement,
phlebitis, and irritation or damage to the vessels and/or the heart have been made worse to some
extent by the increased use of Power PICCs which can accommodate the pressures generated
during the injection of CT contrast. This is because they often are made of a stiffer, stronger
plastic and similarly may be larger in size to provide sufficient flow rates for the use in imaging

procedures.

[0004] However, insertion of a PICC line has several challenges and drawbacks. The
long, relatively stiff catheter and/or guide wire requires the creation and maintenance of a large
sterile field around the insertion point so as to not contaminate the catheter or guidewire before
insertion into the body. During insertion, the PICC line can catch on valves and tight bends in
blood vessels, potentially causing trauma to blood vessels. In addition, because of the sometimes
tortuous path of the veins, it can be difficult to move or remove the guidewire relative to the

catheter during installation or when installation 1s complete. Similarly, a stiff tip on the PICC
line can irritate a patient's heart if the PICC line is inserted too far or damage the superior vena

cava 1f not inserted far enough. If the catheter is too large or stiff, it can damage the peripheral

vein through which passes. This can lead to complications such as thrombosis, pain, and
infection. Because of the importance of the correct placement of the catheter tip, the procedure
was historically done under fluoroscopy in an interventional suite. At the location where the

catheter exits the patient's skin, the stiffness of the catheter also increases the likelihood of
motion and disruption of the seal between the catheter and the skin which can increase the

possibility of infection.
SUMMARY OF THE INVENTION

[0005] The embodiments described herein provide one or more peripherally inserted
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central access catheters with one or more lumens which minimize trauma to the vessels. The
controlled delivery of fluid may be used to help urge the catheter distally and/or to dilate the vein
for easier insertion. Optionally it provides one or more proximally discharged lumens which
optionally have the capability for accommodating the power injection for venous drug injections
commonly used as part of an imaging procedure. Optionally the central access catheter can be

inserted through an existing peripheral access device which can remain in place or be removed.

[0006] Some embodiments are directed to a catheter retention device that includes a
catheter retention body having a proximal and a distal end, the catheter retention body defining a
lumen designed and configured to reccive a catheter; at least one distal lateral fitting on a distal
portion of the catheter retention body, the lateral fitting being designed and configured to couple
to a fluid source and introduce fluid into the distal portion of the lumen of the catheter retention
body; and a distal fitting at a distal end of the catheter retention body, the distal fitting defining
an aperture through which fluid and a catheter exit the lumen of the catheter retention body. In
such embodiments, fluid tlowing through the aperture may provide substantially all of the force

required to expel the catheter from the catheter retention body.

[0007] Other embodiments are directed to a multi-port introducer including an introducer
tube, designed and configured to be inserted into a blood vessel, the introducer tube having an
opening with a diameter sufficient to accommodate a catheter and allow fluid delivery through
the introducer tube during deployment of the catheter; a multi-port fitting head operably

connected to the introducer tube; a first fitting operably connected to the multi-port introducer,

the first fitting configured to provide a substantially straight path from a proximal opening of the

first fitting to the opening in the distal end of the introducer tube; and one or more second fittings

operably connected to a lateral portion of the multi-port introducer.

[0008] Still other embodiments are directed to methods for introducing a catheter into a
blood vessel, the methods include the steps of introducing an angiocatheter into a blood vessel;

and simultaneously introducing fluid and a catheter into the blood vessel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the following detailed description, reference is made to the accompanying
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drawings, which form a part hereof. In the drawings, similar symbols typically identify similar
components unless context dictates otherwise. The illustrative embodiments described 1n the
detailed description, drawings, and claims are not meant to be limiting. Other embodiments may
be utilized and other changes may be made, without departing from the spirit or scope of the
subject matter presented herein. It will be readily understood that the aspects ot the present
disclosure, as generally described herein and illustrated in the Figures, can be arranged,
substituted, combined, separated, and designed in a wide variety of different configurations, all

of which are explicitly contemplated herein.

[0010] FIG. 1 is an illustration of an angiocatheter.
[0011] FIG. 2A is an illustration of a catheter retention device.

[0012] FIG. 2B is an illustration of a catheter retention device attached to an

angiocatheter.

[0013] FIG. 3A is an illustration of a catheter retention device showing the location of

exemplary fittings.

[0014] FIG. 3B is an illustration of a catheter retention device showing the location of

exemplary fittings and valves.

[0015] FIG. 4A is an illustration showing a catheter retention device having a catheter

wound within the lumen.

[0016] FIG. 4B is an illustration showing a catheter retention device having a catheter

folded within the lumen.

[0017] FIG. 4C is an illustration showing a catheter retention device having a catheter

wound in a spherical catheter retention device.

[(0018] FIG. 4D is an illustration showing a catheter retention device having a catheter

wound in a spherical catheter.

[0019] FIG. 5 is an illustration showing an exemplary catheter.
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[0020] FIG. 5A is an illustration of a cross-section of a single lumen catheter.

[0021] FIG. 5B 1s an illustration of a cross-section of a double lumen catheter.

[0022] FIG. 6 1s an illustration of a catheter showing the locations of exemplary lateral

slits.

[0023] FIG. 7 1s an illustration of a multi-port introducer and a needle deployment

device.

[0024] FI1G. 8 is an illustration of a multi-port introducer connected to a catheter

retention device.

[0025]1 FIG. 9 is a schematic diagram showing an exemplary control system for

deploying a catheter.

DETAILED DESCRIPTION

¢ 7% ¢4
d

[0026] As used in this document, the singular forms an,” and “the” include plural
references unless the context clearly dictates otherwise. Unless defined otherwise, all technical
and scientific terms used herein have the same meanings as commonly understood by one of
ordinary skill in the art. Nothing in this document is to be construed as an admission that the
embodiments described in this document are not entitled to antedate such disclosure by virtue of

prior invention.

[0027] This disclosure is not limited to the particular systems, devices and methods
described, as these may vary. The terminology used in the description 1s for the purpose of

describing the particular versions or embodiments only, and is not intended to limit the scope.

[0028] The word “proximal” refers to a direction relatively closer to a clinician using the
device described herein, and the word “distal” refers to a direction relatively further from the
clinician. For example, the end of a catheter placed within the body of a patient is considered a

distal end of the catheter, while the catheter end remaining outside the body is a proximal end of

the catheter.
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[0029] Embodiments of the invention include devices useful for inserting a catheter into
a blood vessel that provide for flow of fluid into the blood vessel simultaneously with insertion
of the catheter. Simultaneous fluid flow with the insertion of a catheter allows the catheter to be
carried into the blood vessel with the flow of fluid without need for a significant force from the
back or distal end pushing the catheter into the blood vessel. In addition, the influx of fluid
during insertion increases the blood volume in the blood vessel, expanding and opening the vein
to facilitate insertion and centrally directed movement, and the flow rate of the blood through the
vessel thereby providing sufficient blood flow to carry the catheter through the circulatory
system without the need to provide a proximally directed force by distally pushing the catheter
into the blood vessel. Once in the vessel, the catheter proceeds through the blood vessel at about
the same rate as the flow rate of the blood or slower, so that there is a proximally directed force
at the tip and optionally over much of its length caused by drag as the fluid moves past the
catheter, reducing the likelihood of kinking that can happen when the catheter exceeds the

velocity of the blood and the body of the catheter pushes past the tip during insertion.

[0030] The need for guidewires and other stiffening means associated with the catheter
during insertion is also reduced or eliminated as well as allowing catheters to be prepared from
softer or more flexible materials such as silicones or softer polyurethanes, or have smaller
outside diameter and thinner walls than is possible using catheters and methods of the prior art.
Reducing or eliminating the need for guidewires also allows for the use of coated or multi-layer
catheter tubes. For example, in certain embodiments, the catheter may be coated or include a

layer of hydrophobic drugs on the inner surface of the catheter while the outer surface can be

chosen from materials that are compatible with the blood or that include, tor example, a coating
of anti-coagulant or anti-fibrotic drug. Eliminating guidewires also allows for variation in the
diameter of the inner and outer diameter and variation in the material stiffness over the length ot
the catheter. For example, in some embodiments, the diameter of the catheter may be decreased
relative to the body of the catheter to reduce the likelihood of trauma caused by the tip or reduce

the total volume of fluid in the lumen.

[0031] Additional embodiments are directed to catheters having a variety of new
features, catheter retaining devices that allow coiled catheters to be contained within a shortened

sterile housing before, during, and after insertion of the catheter into the blood vessel, and

_6-
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methods for using the insertion devices, catheters, and catheter retaining devices. Various such
embodiments may allow for a reduced sterile field size, enable accurate tip placement by making

it easier to adjust the location of the catheter tip in both upstream and downstream directions, and

reduce the need for cutting of the catheter to the appropriate length before insertion into the vein.

[0032] The devices of various embodiments include a means for introducing fluid into
the blood vessel while simultaneously inserting a catheter into a blood vessel. Means for
introducing fluid into a blood vessel are well known and used in the art. For example, short
peripherally inserted catheters, angiocatheters, are commonly used to introduce intravenous (IV)
fluids into a blood vessel. As depicted in FIG. 1, such angiocatheters 10 generally include a short
insertion tube 102 having an angled, conical, or tapered distal end 104, and a Ventur1 teature or
other tapered portion 106 that connects the short insertion tube 102 to a body 108. The body 108
generally includes a proximal fitting 110 that allows the angiocatheter 10 to be connected to
tubing associated with fluid source such as an IV bag or syringe for infusion of a drug or other
agent. A needle, not shown, extends through the lumen of tube 102 and is use to puncture the
skin, tissue and blood vessel wall. Onc - in the vessel, the tube 102 is pushed over the needle into

the vessel and the needle is withdrawn and discarded.

[0033] Certai.n embodirrients of the invention include catheter retaining devices that are
configured to attach to the fitting of angiocatheters or short peripherally inserted venous
catheters (PIVC) like the angiocatheter 10 illustrated in FIG. 1. The ability to deliver a longer
catheter through an existing angiocatheter without having to make a new 1V stick may provide a

benefit in some emergency and critical care situations, or in patients where finding a vein is

ditficult.

[0034] As illustrated in FIG. 2A such catheter retaining devices 21 may include a

catheter retention body 220 having a lumen sized and shaped to hold a central catheter 240, a
distal fitting 222 configured to attach to the fitting of an angiocatheter, and one or more lateral

fittings 224 configured to attach to a fluid source. In some embodiments, the lateral fitting 224
may be at a distal portion of the catheter retention body 220. FIG. 2B shows the catheter
retaining device 21 attached to a common angiocatheter 20. In operation, fluid may enter the

catheter retention body 220 through the lateral fitting 224. The air in the catheter retaining body
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220 can exit through distal fitting 222 prior to being connected to the angiocatheter 20. After air
has been removed and fluid has accumulated in the catheter retention body 220, it can be
connected to angiocatheter 20, and the fluid will flow through the distal fitting 222 into the
angiocatheter 20 through the proximal fitting 210 and the angiocatheter body 208. The tluid will
exit the angiocatheter 20 and enter the blood vessel through the distal end 204 of the insertion
tube 202. The flow of fluid through the devices will provide a pulling force on the catheter 240
related to the velocity or flow rate of the fluid flow. As the rate increases, the force will be
sufficient to overcome the static friction holding the catheter in place and begin drawing the
catheter from the catheter retention body 220 and into the blood vessel where blood flow
enhanced by the additional fluid from the device will carry the catheter through the circulatory

system to the site of deployment.

L 4
-
-

[0035] The catheter retaining devices of vartous emsbodiruents may nclude any number
of additional features necessary to control flow of fhad through the device, remove unwanted awr
or fiuid from the central lomen of the catheter retention body 228, conrol deployment rafe of
velocity of the catheter 248, and direct the catheter through the catheter retamning device. oy
example as Hlustrated in FIG. 34, in some embodiments, the catheter retaining device 31 may
include one or more lateral {ittings in addition to the distal Jateral fitting 324 located along the
catheter retention body 320, and in certain embodiments, a second lateral fitting 3240 may be
nositioned on a proximal portion of the catheter retention body. In such embodiments, the second
lateral fitting 324 may provide an additional means for introducing fluid into the catheler
retention body 328, Alternatively or in addition, the second tateral fitting 3244 may be on a distal
portion of the catheter retention body 328 or the angiocatheter body so that fhuid Howing through
it exerte hittle or no force on the catheter while in the catheter retention: body 328 or the
angiocatheter body and flows o the vessel to distend and/or augment the fiow in the vessel,
The second lateral fitting may further provide a means for allowing air or tluid from within the
catheter reténtion body 320 to leave the tumen as fuid enters through the distal lateral funing
324. In some embodiments, the catheter retaining device 31 may further Include one OF more
one-way purge vents 327 that is capable of allowing atr and fluid to exit the catheter retention

body 326,

[0036] The proximal portion of the catheter retention body may further mclude one or

_8-
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nore fitiings associated with the catheter, For example, as ilustrated in FIG. 3B, m some
embodiments, the catheter 340 may terminate at a catheter fitting 326 provided at a distal portion
of the catheter retention body 328, The catheter fitting 326 may provide a means for imntroducing
fluids into the catheter 340 for dehivery o the patient. As the cathelers 348 of vanous
empodiments may have more than one lumen, a separate caihétar fitting may be provided fory
cach lumen of the catheter 340, Thus, the catheter retaining device 320 of embodimenis may
have one, two, three, or more catheter fitlings 326 disposed on a distal portion of the catheter

retention body 326,

[0037] in some embodiments, the catheter retaining device 31 may further include one or
more valves positioned to regulate the tlow of {uid into and out ot the catheter retention body
320, For example, in some embodiments, a valve may be positioned at the distal lateral fitting
324, and i other emnbodiments, a valve may be positioned at the catheter fithng 326, o stili
other embodiments, the catheter retaining device 31 may inchude 2 valve at both the distal laterai
fitting 324 and the catheter fitting 326. In still other embodiments, the catheter retaining devie
31 way include additional valves loc..od anvwhere along the catheter retention body, 326, bor

xample, valves may be provided with additional lateral fittings or valves associated with
catheter fittings. The valves of various embodiments may be any type of valve knowo i the art
including, for example, gate or slide valves, needie valves, check valves, diaphragm valves,
butterfly vaives, and hke. These valves can be marmaily controlled or automatically controlied
by the injection system {o optimize the flow of fluid to and through catheter retention body 328
as well as the blood vessel 1o provide deployment force to the catheter as the catheter proceeds

te veins as well as to ease movement o tha central circulaiion.

[0038] In certain embodiments, the catheter retention body 338 may include texturing or
features on an inner swrface. Examples of such texturing include hebical, longuudinal,
circurnferential grooves, rithng, projections, oy other texturing. Texturing may allow a portion of
an outer surface of the catheter to contact a portion of an inner surface of the catheter retention
body 320 to mainiain the position of the catheter in the lumen of the catheter retention body 320
and to provide friction to hold the catheter in place while allowing movement when acted on
with sufficient force. In some embodiments, texturing or features may be provided to reguiate

and direct the flow of fluid through the catheter retention body 320 when the catheter is placed
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within the lumen of the catheter retention body 328, For exampie, nifling of the inner diameter of
the cathetes refention body 3284 may allow lor directed flow of thad within the second catheter

around the catheter.

[0039] In particular embodiments, the catheter retention body 320 may include internal
features such as, for example, one or more bulkheads 329 or baffles 328 positioned at intervals
that segment portions of the catheter retention body 320 or provide currents that can provide
additional pulling force on the catheter. In other embodiments, the batfles or bulkheads may be
positioned to aid in the movement of the catheter through the catheter retention body by, for
example, ensuring that the catheter is centered within the catheter retention body as it moves
through the catheter retention body. In still other embodiments, the baffles or bulkheads may be

positioned to aid in packaging of the catheter in the catheter retention body.

[0040] in certain embodiments, the catheter retaining device 31 may include a cenidering
mandrel 321 sized to be received within a lumen of the catheter and g mandrel clamp 323

positioned to hold the centering mandrel at the center of a circurference of the catheter retention

hody 328. In some embodiments, the centering mandrel 321 may be movably received by the
mandre] clamp 323 such that the centering maundrel 321 may enter the catheter retention body

3280 and be retained therein as the catheter progresses through the blood vessel.

[0041] There are several potential benefits to the inclusion of a centering mandrel 321. It
allows for a reduced flow rate of fluid necessary to introduce the catheter into the blood vessel
by reducing the friction of the catheter on the catheter retention body 320 inner wall. The
centering mandrel 321 positions the catheter such that an approximately equal amount ot tluid
flows on either side of the catheter, thereby optimizing the amount of insertion force exerted on
the catheter by the fluid. The centering mandrel may also reduce the tendency of the catheter to
bend or kink. A similar effect may be obtained by providing additional fluid deployment ports
around the circumference of the deployment tube. Thus, lowered required flow rates may allow
for hand-operated syringes to provide adequate fluid flow to insert the catheter into a patient. The
centering mandrel may also provide some controlled friction to limit the rate of deployment by

sizing of the fit or geometry. To fit within the catheter, the centering mandrel 321 may be smaller

in diameter than the inner diameter of the catheter. For example, when used with a second

-10-
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catheter having an inner diameter of about 0.008 inches to about 0.035 inches or about 0.01. In

this example, the centering mandrel 321 may have a diameter of about 0.008 inches or less.

[0042] As illustrated in FIG. 4A, the catheter retention body 420 may be designed to
receive and package the catheter in any way. For example, in some embodiments, the centering
mandrel 421 may be fixedly received by the mandrel clamp 423, and the catheter 440 may be
wound around the centering mandrel 421. When wound around the centering mandrel 421, the
catheter may be in a single, double coiled, or triple coiled configuration. The centering mandrel
421, in such embodiments, may provide for improved packaging of the catheter 440 that may
allow for the size of the catheter retention body 420 to be reduced thereby reducing the overall

size of the catheter retention device 41.

[0043] YWhile the fixed centering mandrel 421 provides a roeans for winding or coling
the catheter 448 in the catheter retention bady 428, in some embediments, the catheter may be
wound or cotled in the catheter retention body 426 without a centering mandrel. In other
ernbodiments, the catheter may be folded in the catheter retenticn body 428 as lustrated in P0G,
4B. The shape of the catheter retention body 420 may retlect the means by which the catheter 15
storad within the catheter retention body 428, For example, in embodiments 1o which the catheter
is cotled or wound, the catheter retention body 428 may have a substantially cyiindrical, conical,
or spherical shape. and in embodiments in which the catheter s folded, the catheter retention
body 420 may have a square or rectangular box shape. Coiling the catheter on the inner surtace
of the catheter retention body 428 and puiling 1w oft the ipuer suriage 1my provide a compact,
low friction deploviment mechanisny, fn other embodiments, as Hlustrated in FIG. 40 and PG,
41, the catheter 440 may be cotled upon itselt, sirailar to a ball of twine that can be unwound
from the inside out and the catheter retention device 43 may have a substantially spherical FH.

4¢_ or oblong Fi(3. 48 shape.

[0044] Because the catheter 440 can be wound, coiled, or tolded within the catheter

retention body 420, the size of the catheter retention body may be compacted, i.e., shortened in
length and larger in diameter thereby improving the hand ability of the catheter and catheter
retention body. For example, in embodiments in which the catheter is not wound or coiled, the

catheter retention body may have a length substantially equal to the length of the catheter, tor

-11-



CA 02889409 2015-04-24

WO 2014/065969 PCT/US2013/061327

example, from about 20 cm to about 70 cm or about 25 cm to about 65 ¢cm and a diameter
sufficient to receive a 4 French, 5 French, 6 French, or 7 French catheter. For example, the
catheter retention body may have a lumen having an internal diameter of from about 1.5 mm to
about 5 mm or about 2 mm to about 4 mm. In embodiments in which the catheter 1s wound or
coiled within the catheter retention body, the length of the catheter retention body 420 may be
substantially shortened while the diameter of the catheter retention body 420 may be increased.
For example, length L of a cylindrical catheter retention body 420 may be about 5 cm to about
50 cm for a 4 French, 5 French, 6 French, or 7 French catheter having a length of about 20 cm to
about 70 cm, and in other embodiments, the cylindrical catheter retention body 420 may have a
length of about 10 cm to about 40 cm, about 15 cm to about 35 cm, or about 20 ¢m to about 30
cm, or any individual value within these exemplary ranges. Such cylindrical catheter retention
bodies 420 may have an internal diameter D of about 10 mm to about 20 cm, about 50 mm to
about 10 cm, or any individual value within these exemplary ranges. Similar sizes can be
achieved for catheter retention bodies 420 that have square or rectangular box shapes. For
example the length of a rectangular box shaped catheter retention body may be about 10 cm to
about 40 cm, about 15 ¢cm to about 35 cm,. or about 20 cm to about 30 ¢m, or any individual
value within these exemplary ranges, and the rectangular box shaped catheter retention body may
have a height and width, which can be equal or different, of about 10 mm to about 20 cm, about

50 mm to about 10 cm, or any individval value within these exemplary ranges.

[0045] In soinc embodiments, the catheier may be introduced into the blood vessel using
only the flow of fluid through the catheter retention device 41 andfor the miroducer. In otner
embodiments, the catheter retention device may further include a means for manually or
automnatically reeling the ¢a theter out of the catheter retention bod y and/or recling the catheter
back into the catheter retention body as may be usetul dwing the proceduse 1o provide tor
optimal final tip placement. For exampie, a handle may be disposed on an outer surface of the
catheter retention body that may facilitate winding or vnwinding of the catheter around a spindle
inside of the catheter retention body 428, and in other embodiments, a motor or motorized whech,
which can be operated wmanuaily or by an injection coutroller, may faciitate winding or
unwinding of the catheter within the catheter retention body 428. The means for reeling in and
recling out the catheter may allow the deployed catheter to be retracted, repositioned, or replaced

without sacrificing sterifity because the catheter will remain enclosed within the catheter
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retention body throughout the procedure. In other embodiments, the catheter retention body 428
roay nchide one or more friction augmentation devices such as, {or example, a pinch valve, ins,
or other compression device that can be pulsed to conirol the feed-out of the catheter during
nsertion, Such fricion augmentagon devices can be contrelled manually or by a system

coniroliar

[0046] The catheters 444 contained within the catheter retention body 428 way be any
tvpe of catheter known in the art. For example, the catheters may moiude one or more lumfms
and can be contigured as 4 French, S PFrench, 6 krench, or 7 Prench catheters. In certain

embodiments, fiow insertion and flow augmeniation may allow for catheters having a small
diarneter, | French, 2 Prench, 3 French or ac small as PE-10 fubing to bewnserted. Suach catheters
can be contigured to deploy any materials known n the art such as, for example, saline, active
agents, drugs, ;.nedi-cation, nutrients, or other foodstutls, In some embodiments, the catheler may
inciude a guidewire or other stiffening means that can be used durtng deployment of the catheter
and then removed during vse. In particolar embodiments, catheters contained within the cathetes
retention body may not need o include a guidewire or stiffening means. Without wishing (o be
bound by theory, the increased blood volume created by the simuliancous adiminstration of tlud
during introdaction of the catheter 4484 may allow the catheter 1 be deployed without pusbing
the catheter into the blood vessel from tis proximal end. Alternatively, the amount or amphitude
of the primal pushing force can be rodoced, while allowing for manual control by the nurse,
providing a “power assist” for the catheter insertion procedure. The catheter is carried to the
deplovment site by the flow of blood which can be augmented by the flow of thud and 15 fess
likely to kink as a result of portions of the catheter being pushed past the distal end of the
atheter. As such. the need for stutfening means is reduced or eliminated, and moreover, M some
embodiments, softer and more compliant materials may be used 1o make the catheter. in addison
the vessels are dilated or enlareed by the aupmented flow, thereby making insertion easier, less
rraumatic, and less problematic. Taken together, these mproverments provide a cathefer

introduction svstem that is less likely to cause injury to the blood vessel,

[0047] As iHlustrated and discussed for the embodiment shown in FI(. 3B, the cathetay
440 may terminate at a cutheter fitting 426 provided at a distal portion of the catheter retention

body 428, The catheter fitting 426 may provide a means for introducing fluids into the catheter
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440 for delivery to the patient. Furthor, placement of the distal lateral fitting 424 and the second

lateral fitting 4240 may vary with the various shapes of the catheter retention body 4248,

[0048] As illustrated in FIG. §, the catheter 540 incorporated into the catheter retention
devices described above may include features to facilitate insertion and/or facilitate interactions
with the catheter retention device. Generally, the catheter 540 may have a distal end 516
configured to be inserted into a blood vessel, and a proximal end 514 that may include at least
one opening (not shown) capable of allowing fluid to flow into and through the catheter 540 into
the patient’'s vein. The proximal end 514 of the catheter 540 may be designed and configured to
interact with an inner surface of the catheter retention body. For example, in some embodiments,
a bulge or stopper 519 fixedly attached to the catheter may be provided at the proximal end of
the catheter 540. The bulge or stopper 519 may have any shape. For example, in some
embodiments, the bulge or stopper 519 may be round or cylindrical, and in certain embodiments,
the bulge or stopper 519 may have a cone shape. The bulge or stopper 519 may be sized to stop
the second catheter 540 at an appropriate position within the catheter retention body to ensure
that the catheter does not flow past the deployment site or completely enter the patient's blood
vessel. Thus, in some embodiments, the bulge or stopper 519 may be sized to approximately
equal the inner diameter of the catheter retention body and have a larger diameter than the distal
fitting of the catheter retention body such that forward movement of the catheter 540 1s stopped

when distal fitting 1s reached.

[0049] In some embodiments, the catheter 50 may include marking features S23 spaced

along the length of the catheter. Such marking features may show the length of the catheter and

can be placed at equally spaced intervals such as, for example, each centimeter, each inch, or any
suitable unit of measure known in the art. The markings 523 may provide a means for quickly
customizing the length of the catheter 50 by cutting the catheter before it is introduced into the

patient. In certain embodiments, the length of the catheter S0 may be determined before the

catheter is packaged in, for example, a catheter retention body, to avoid cutting of the catheter
during the introduction procedure. Because the catheter retention body is sterile, the sterility of
the catheter is maintained while the catheter is in the catheter retention body, avoiding cutting
eliminates the possibility of contamination during the introduction procedure. Alternatively,

catheter may have a standard length and extra catheter can be pulled back and stored in the
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catheter retention body providing another means for avoiding cutting during the introduction

procedure and potentially contaminating the catheter before introduction. Having markings
extending towards or to the proximal end of the catheter can help in ascertaining that the correct

length of catheter has been inserted into the patient.

[0050] Some embodiments of the invention are directed to catheters. Such catheters 50
generally include elongated, unitary, tubular structure made of a flexible, biocompatible material,
such as silicone rubber that include a cylindrical wall 510 deﬁning a longitudinal bore or lumen
512, as illustrated in FIG. 5A. In some embodiments, the catheter 50 may include two or more
longitudinal bores to provide multiple lumen catheters, and in particular embodiments the
catheter may include two adjacent bores, which may have a substantially “D” shape 513a, 5135,
in FIG. 5B. The catheters 50 of various embodiments may be sized to have a conventional
diameter for catheters designed for insertion into blood vessels. For example, the catheters of

embodiments may be 1 French, 2 French, 3 French, 4 French, 5 French, 6 French, or 7 French

sized catheters having external diameters of about 0.6 mm to about 2.5 mm, or very thin tubing,
such as PE10. The diameter of the lumen may vary based on the thickness of the sidewalls and

the number of lumen associated with the catheter.

[0051] In some embodiments, the one or more lumens may extend tiroughout the fength
of the catheter 3¢, and the catheter 38 may bave at least one proximal opening 814 and at Jeast
one distal opening 516 through which fluids can flow into and out of the catheter 28, In other
emmbodiments, the one of more lumens may terminate before the end of the catheter, roy
example, in some embodiments, the catheter maay bave a proxamal opening 5314 and a sealed oy
otherwise closed distal end 516, and the lumen may open to the blood vessel by one or more
lateral slits %18 in the cylindrical wall 818 of the catheter 58 to provide a lateral opening. Such
slits 838 may allow the opening to be created when tlaid 18 Introduced into the tumen 512, 5134,
or 8134, and tluid pressure within the lumen may force the lateral shit 518 to open allowing Huid
(o exit the catheter. When the flow of fluid is stopped and fluid pressure within the lumen is
decreased, the slit 818 may close keeping blood or other fhids from entering the catheter when
fluid is not being introduced into the catheter 58. Similarly, applying suction to the catheter will
open the slit and aliow blood to be drawn into the catheter for sampling as needed. A non-

liniting example embodiment is a Groshoepg catheter,
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[0052] in certain embodiments, a multi-lumen catheter 3 such as the catheter tlustrated
w PG, 5B may include wore than one lateral sitt, For example, as dlustrated i PG 5, catheter
60 may inchlude a distal {ateral slit 618 at or near a distal end of the catheter 64, and one or more
addifional lateral slits 633, In some embodiments, the additional lateral shit 628 roay be
positioned at or near a proximal end 614 of the catheter 68. In other embodiments, additional
lateral shits 628 may be posifioned at one or more postttons throughout the length of the catheter
683, In particular embodiments, the catheter 68 of such embodiments way be a mubit-lumen
catheter having at least two lumens such as the exemplary catheter susirated in FIG, 5B, The
distal iateral shit 618 may be associated with a first harmen $13q, and the one or more additional
lateral slits 620 may be asscciated with a second lumen 3135, Thus, for exampie. the first lumen
533a may be configured o transport an active agent to the distal end 616 of catheter 68, while
the second lumen 5135 is configured to transport a second active agent for more proxumal
admuinistration, In some embodiments, the second lumen 53135 having a proximal additional
lateral slit 626G may be confizured (o transport medical fluid or saline that can be troduced into
the blood vessel during introduction of the catheter 68 into the blood vessel, and the addiionad
saline may act to speed bleod flow taough the blood vessel and ard in the movement of the
catheter 68 through the blood vessel. In smbodiments 1y which the catheter 68 includes two or
more additional lateral siits 626 configred to trapsport medical fluid, wedical fhud may be
released over the entire length of the catheter during introduction of the catheter 68 into the
blood vessel. The combined local effects of each additional lateral sht may aliow for improved
blood flow by increasing blood volume from the aite of insertion of the catheter 6if to the final
deployment site, Holes or shits positioned slong the body of the catheter &8 or at g distal end 616
of the catheter 68 may allow fluid flow within the vessel to expand the vessel and ease msertion
of the catheter 8 during insertion. After introduction of the catheter 68, medical fhuid may
continue 1o be adiministered through the addittonal lateral slits 620, or fluid flow may be stopped,
and in some embodiments, active agents, drugs, medication, nutrients. or other foudstutls may be
adimirustered through the patent through the second lumen 5134 and additional lateral slits 626
Proximal siit or opening to deliver CT contrast and prevent rupture it softer materials or smailer
diameters are used. In some embodiments, the separation of the proximal and the distal ports
may be sufficient to provide ceniral vascuiar access for slow or moderate tlows through a more

giraurnatic catheter section or scgment and enable proximal access in a meore peripheral vessel
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for higher or power ijected tlows.

[0053] In some embodiments, the catheter 68 may have a singie lumen that hay one or
roove distal slits or openings for distal delivery and/ov withdrawal as well as pormally closed
proximal slits or holes for deitvery of drugs at a high rate or pressure which the lumen could not
sustain over s whole lenzth. In some embodiments, the catheter may have two or rore slits
arranged proximally. The dimension of the shits and catheter matertal stiffnness, diameters, and
the thickness of the wails are selected such that they do not open mward under vacuum when
blood 1s being sampled or under moderate pressures, such as when drugs are being infused
stowly, but do open under pressures and flow rates that are needed for power wjections and
would cause a rupture of the catheter unless that flow were diverted or released into the vessel, If
the properties are seiected so that the catheter swells controliably under the designed pressure,
this opens the slits even further and enables mereased tlow, The geomelry and properties of the
shts and the catheter determine the opeming pressure, and the number of slits determines the {low
rates that can be sccommodated at a given pressure. This embodiment can be uvsed with any
existing or novel methods of insertion, sterile field establishment and other procedural aspects 1o
limit the need for the majority of the catheter length to experience high pressures when mjecting

at high flow rates,

[0054] In some embodiments, the catheter 38, 68 mayv have addibonal coatings such as,
but not Emited to, antibacterial coatings, antifibrotic coatings, or other coatings that can tacilitate
sterility, ease of introduction into the blood vessel, or lopg-term use w the patient. In some
embodiments, the catheter may bte coated with a component of layer provided o stiften the
catheter 38, 68, and in certain embodiments, at least one longitudinal bore of the catheter may

inclade a suidewire or other stiffening means removeably inserted nto the longitudinal bore.

I

v

(

Such a guidewire or stiffening means may provide ease of handiing of the catheter 53, 68 during
introduction into the blood vessel, and 1 some embodiments, the guidewire or stiieng means
may be removed after deployment of the catheter 58, 68. In other embodiments, the catheter may
not include a guidewire or stitfening means. For example, in erobodiments i which catheter 68
includes a distal lateral siit 618 at a distal end 616, fluid pressure within the catheter created
while the lateral sht is closed may be prevented to reduce or eliminate undulating, Happing, or

whipping of the catheter 60 during deployment of the catheter even for single lumen catbeters,
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Simdarty, in muelti-lumen catheters, a first fumen 31.3¢ may be configured to accept and deploy
fld through a distal port, and a second tumen 3135 may be sealed and contigured to accept 2
thud that is not delivered to the patient, or have a very small distal opening so thatl high pressure
1s developed at modest How raters. o such embodiments, fluid pressure within the second lumen
5130 may sufficiently stiffen the catheter 54 so ay to reduce or elimynate the need for guwdewires

or other suffening means,

[0055] The geometry and shape of the catheter body may be designed to withstand
pressure by incorporating multiple design factors, tor example, burst strength of the matenial and
meorporation of rei_ﬁfo';"dng materials.- Fo achicve the high flow rates for injecting contrast for
unaging proceduores vtilizing pressure injections, the catheters need (o be capable of withstanding
higher pressures, e.g., 3040 pst or 3235 psi, making these catheters stitfer than catheters that are
used for the tower flow rates required for medication infusion and blood withdrawal, e.g., about
1) psi to about 100 psi. In some embodiments, a distal portion of the catheter may be composad
of a first material at & proximal end of the catheter capable of withstanding pressores up to 33U
nsi, or about 300 psi fo about 323 psi, and a more flexible second material capable of
withstanding pressures up to 100 psi or from about 10 pst to about 100 psi. In other
ernbodiments, the catheter mayv be composed of 2 single maternial but may be designed to nclude
a first portion at a proximai end of the catheter having a wall thickness that 18 greater than a
distal porton of the catheter, The greater thickvess may allow the proximal portion of the

atheter to withstand higher pressures than the distal end of the catheter. Typically, the wall
thickness may sllow the proximal end to withstand high pressures than the distal end of the

catheter,

[0056] Faurther embodiments are directed to mudti-port wntroducers and catheter retention
devices designed to be wsed in conjunction with multi-port introducers. FiG. 7 sbows an
exernplary wulii-port introducer 76 that inchades an introducer twbe 772 having 4 tapered distal
end 774 designed to be introduced into a blood vessel The proximal end of the iniroducer tube
77% may be operably connecied to a roulti-port fitting head 776, which may weluede one or more
fittines or ports for connecting with Cther apparatuses and devices, o FIG. 7, two fittings are
provided 780 and 781. The introducer tube 772 may be connected to the multi-port fitting head

776 by any means. For example, the multi-port fitting bead 776 may be an integral part of e
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introducer tube 772 and, therefore. may be moided with the introducer tube 772, In other
embodiments, the multi-port fitting head 776 may be molded separately and fixedly attached to
the introducer tube 772 using, for example, an adhesive, one or more connectors, or any other

fu

connector means known in the art or combinations thereot, In sore erubodimente, the iniroducer

tube 772 and/or the multi-port fithing head 776, or portions thereof, may include one or morse

Yentur: features 778,

[0057] The introducer tube 772 may have any inner diamcter sufficiently s1zed ©
accommodate the catheler. For example, the introducer tobe 772 may have an inner diameter

sufficient (o accommodate a 4, 5, 6, or 7 French catheters, in some embodiments, the introducer

tube 772 may be an 13 gauge catheter baving an wnner diameter of abouot 0.051 inches. In some

embodiments. the introducer tube 772 may be sized such the Jumen and opening in the distal end
774 of the troducer tube 772 provide sufficient space o allow [uid delpvery through the
wtroducer {obe 772 during deployment of the catheter, Thus, uoid debivery c<ap ocour
stmultaneousiv with deployment of the catheter, In other embodiments, the distal end 774 of the
introdocer tube 773 may be sized to 4t sougsly around the catheter dunng deployment, and
simultaneous fluid deployvment may be carnied out through ong or more holes or apertures in the
introducer tobe 772 that e positioned (o aliow thad o flow from the mtroducer tube 772 1nto

the blood vessel while the catheter 1s being deployed.

e

[0058] I some embodiments, the multi-port mtreducer 76 may inchude a Venturt feature
778 disposed between the multi-port fitting head 776 and the introducer tube 772 that is designed
and arranged to interact with the catheter during deplovment of the catheter, The Venturi teature
778 may generally have a substantially conical shape sized and configured to reduce the inner
diameter of the multi-port fitting head 776. In addition, the Venturt feature may be designed to
increase the velocity of the fluid and thus the force pulling the catheter nto the vein or reduce

drag caused by the flow of fluid and friction created when the catheter contacts an inner surface
of the YVenturt feature 778 during insertion.

[0059] The multi-port fitting head 776 may nclude any number of ports or fiings, and
as ilostrated in FIG. 7. the exemplary malti-port fitting head 776 includes a first fitting 788 and
a second fitting 781. Such fittings may be any type of fittings known in the art and may be

configured 1o removeably attach to any component known in the art, For example, in some
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cmbodiments. the fittings may be huer or screw type tittings, which may be configured to attach
to, for example, commonly used IV tabes or syrnges. in other erpbodirpents, the titlings may be
contipured to attach directly to other medicat devices such ag, but not limited to, endoscopes. in

«tiil other embodiments, the fitbngs rway be sirnple pressure fithings or other tube connectors.

[0060] The multi-port introducer 76 may be designed to be iroplanied into a patient in the
saimne way as a typical anglocatheter such as the angiocatheter ilustrated in FiG. 1. Therefore, the
rodti-port 1ntroducer 76 may inchude 2 mmober of peripheral parts that are present when the
intreducer is packaged but that can be removed after insertion into a blood vessel. For example,
in certain embodiments, the mulii-port introducer 76 may mclude a cap 782 designed to operably
connect o and close off the second fithing 78E, and a cap 783 designed to operabiv covnect O
and close off the first fitting 786, In particular embodiments. the multi-port introducer 7¢ may
include a needle assembly 78 sized and configured o be received within a tumen of the mualfi-
port introducer 76. The needle assembly may generally include a needie 784 sized such that the
distal pointed end 786 of the needle extends bevond the tapered distal end 774 of the introducer
tube 772 when the needle 784 is received in the mulit-port introducer 76, 'The needle assembly
78 way further include a fitting or stopper 788 designed and contigured o operably connect o at
least a portion of the maiti-port introducer 76 and hold the needle i place within the multi-port
infroducer 76. In some embodiments, the fisting or stopper 788 may be held in place using ssmple
pressure fiitings, and in other embodiments, the fitting or stopper 788 way include a leer oy
serew-type fitting used to hold the needie asserably 78 on place during inserfion into the biood
vessel. i operation, the needle assembly 78 may provide sharp edges for faciitating entry yoto
the blood vessel and through the skin. After the multi-port introducer 76 has been introduced into
e blood vessel. the neadie assembly may be removed leaving the mudti-port introducer 76 in the

biood vessel and providing an entry point iinio the blood vessel and circulatory systern.

[0061] The first and second fittings 788, 781 may be initially covered using caps such as
cap 782, 783 in FIG. 7, and various cosmunon connectors may he used o connect the mult- sort
intreducer to, for example, IV tubing or other medical devices. Therefore, a multi-post introduces
may be geed for introduction of fhads, medicaments, drugs, achve agents, nutrients, and other

fluids hike a common angiocatheter.

[0062] in particular embodiments, as iltustrated in FIG. 8, the multi-port introducer 56
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may be desizncd to link o a catheter retention device 81 such as those described herein. For
example, in sowe embodiments, the second fitting 881 may be a loer or screw type fitting
capable of attaching 1o a fluid source or tubing associated with a thud source 8%8, and the hirst
fiting 836 may be coofigured to removeably attach o a catheter retenton device sl The
cathater retention device 81 may nclude any of the elements described berein and can assocate
with the mubii-port mntroducer 86 through o distal fitting 882, The catheter retention body 8286
may bouse a catheter which 15 wound, coded, {olded, or otherwise retained in the catheter
retention body 826, such that a distal end of the catheter may enter the multi-port mdroducer 86
hrough the first fitting 3838 and enter a blood veasel through the tapered distal end 874 of the
introducer tube 872, The catheter may be carmied into and through the blood vessel by flud

introdhiced into malti-port introdocer through the second Hitting 881,

[0063] Alternatively, the {ithng 888 may be fitted with a ™Y’ fitting. A catheter may be
inserted through one of the ports and the other can be used for delivering drugs as subseguently
needed. In addition, the second Y-port could be used for msertion of another catheter with a
sumilar or different length for injection of different fhuids, Multiple Y-ports can be used as
needed provided that the catheters ave small enough to it through the introducer. This has the
benefit of being able to provide an additional tomen without having to make another Y suck

the patient or remove and existing catheter and Infroduce g new one,

[0064] in <ome ermbodiments, thud flow from the second fithing 881 of the multi-port
introducer 86 may be sufficient to carry the catheter wte and twough the blood vessel without
introducing additional fluid throogh other ports. In other embodiments, the catheter refenfion
device Bl may include one or more fittings capable of atiaching to a fluid source and providing
additional fluid that will flow throagh the catheter retention device 81 and mulfi-port mroducer
86 o carry the catheter into the blood vessel, For example, In some embodiments, catbeler
retention device 81 may include one or more distal lateral fittings 824 and one or moic
proximal lateral fiitings 8240 through which floid may enter the catheter retention body betore
flowing into the multi-port introducer 86 and into the blood vessel. The catheter retention device
81 may further include one of more purge vents 336 for releasing abr trapped 1w the catbeter

retention body 8k

[0065] The at least ope portion of the mudti-port tntroducer 86 may, generally, be stzed (o
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“

hold the catheter in place after depioyment and may provide a seal around the outer
circumference of the catheter to block How of blood or other thuds from the introdocer tube 872
inte the catheter, For example, a seal may be provided af a junction between the imtroducer tube
872 and the Veptunt feature 378 or the multi-port Ditting bead ¥76. The proximal end of the
atheter may remain in a portion of the first fitting 888 such that the proximal open end of the
catheter can be accessed through the first fitting §84. In some embodiments, the first fitting 858
may configured o hold the proximal end of the catheter in a space within the first fitting 884
For exammple, in certain cmbodiments, the first fitting 338 may inclode a conical or sphencal
cavity at a proxiroal end of the {itfing sized to receive and hold ap end of the catheter, A clamp o
other means for helding the catheter in the cavity mayv be provided at a distal end of the cavity to
hold the proximal end of the catheter 1o place within the cavity while allowing the humen of the

catheter to remain free from obstruction. In some embodiments, the clamp may be a3 manual
. J

clamp. In operation, the catheter may be deploved from a catheter retention device through a
multi-port introducer and into 2 blood veasel, and a clamp on the malti-port introducer may be
engaged to fixedly hold the catheter in the multi-port injector. The catheter retention device may
then be removed {rom the multi-port introducer with a length of catheter remaining in the
catheter retention device, and the catheter may be cut near the muli-port introducer freeing the
catheter retention device while leaving the catheier in place for the admunistraiion of medical
fluids. Alternatively, the extra fength of catheter may be cotled and attached to the patient’s limb
or body, or may be retained in the catheter retention device and the catheter retention device 18

attached secarely and sterilely to the patient’'s limb or body.

[0066] In ceriain embodinents as lustrated in FIG. 7, the first fitting 78¢ way further
include a cap 783 configured o seal the first fitting 780 and elimanate flud How through release
of fluid from the multi-nort introducer 76 after the catheter has been deployed. The cap 783 may
be placed or replaced over the catheter after it has been deployed to protect the Catheter tfrom
contamination when oot o use. It such embodiments, the catheter way be deployed using the
catheter retention device, and the catheter reteation device can be removed while the catheter

remains deploved i the biood vessel.

[0067] In particular embodiments, the multi-port introducer may be configured to be

removed from the blood vessel following deployment of the catheter. For example, in some
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embodiments, the introducer tube of the multi-port introducer may be splittable such that
following deployment of the catheter, the introducer tube may be removed by breaking the
introducer tube along a longitudinal axis and removing the remaining halves from the insertion
site. In such embodiments, the multi-port fitting head may remain associated with and/or
attached to the catheter. In some embodiments, the catheter retention body may be attached to

the multi-port fitting head, and in other embodiments, the catheter retention body may be

removed before or after the introducer tube 1s removed.

[0068] in those embodiments where the introducer remains o the body, the distal end an
the vessei through which the more distally deploved catheter exits 18 an unportant aspect of this
nvenbion. i the introducer s g standard angiocath, the catheter 1y a relatively stitt material and
the distal opening of the angiccatheter s of a relatively tixed diameter, This means that fhuid can
be fnjected around the catheter, and that there 13 the possibility for clot formation over tune.
Adternatively. the introdocer or distal end of the ntroducer of this invenuon can be made of
stlicone or other relatively elastomeric material such that it is opened by the fiow of fluid 1o
ransmit the catheter distally, and then ciosed to seal against the outer diameter of the catbeter
when flow is absent. By closing to reduce or ehiminate the ingress of blood, the likelihood of ¢lot
formation in the itroducer hiroen is significantly reduced. To mject tinds through the yatroducer
and into the patient, applying sufficient pressure will expand the introducer and conduct the thud
into the patient’s vessel, Alternatively, slits or other openings may be provided o the wali ot the

introducer o trapsmit the mpecied fluid nte the patient’s vessels,

[0069] The muit-port tniroducers of various embodiments may include any number of
additional featores provided to facilitate case of use or provide improved control of thud fiow
through either the introducer tobe or g catheter extending through the mualti-port wntroduces. bor
CXATRIC. 1 some fﬁmb{}dimfzms, the introducer tube may nclude one Or more discharge ports
90 that can be adjusted using a discharge button 981 located on a more digtal portion of the
multi-port introducer 96, The discharge port 998 muay, generaliy, be one or more lateral opemngs
such as longitudinally adjustable slite or variable window apertures that are posttioned on a
portion of the introducer tube 972, The discharge button 991 may twist or slide to be activated
aid may increase the flow of fluid into the blood vessel by allowing tluid from the multa-por

introducer 96 1o exit through the discharge ports 996 while sumultanecusly reducing the amount
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of thuid passing over the catheter thus slowing the deplovinent rate of the catheter.

[0070] In some embodiments, the multi-port furd port may further taciude a compression
brake and adjusiable s located between the first fithing and the introducer tube designed and
contigured to contact the catheter and slow the rate of deployment by way of frictton as the
catheter 18 deploved by depressing the brake or inis, The Venturt s <an be constructed 1o either
compress inwasd or rotate arocund the body of the catheier. When activated, the openiung of the
Venturi s widens and reduces the pressure drop between the inflow and out thow regions and

reducing the force by the thud flow applied to the catheter,

£

[0071] The various portions of the devices described above, wncluding the angiovatheter
or multi-port introducer and the catheter retention device may be combined to provide a single
device, or in some emboditoents, each element may be separate devices that are assembied
during use. in other embodiments, the various components may be combined m a kit including
one or more angiogatheters, one or more multi-port introducers, one or more catheter retention
devices, fittings, tubing, and other components that yway be useful for mtroducing a catheter nto
a blood vessel using the devices desenibed above, and any combination of such contponents. As
mentioned above, 1n various e';‘{ibodi:ﬁeats, the catheler may be pre-assembled, sterilteed, and
sealed in the catheter refention body of the catheter retention device. The catheter can remain
wside a sterile contaner or package until i is serted 1oto the patient, o that the stende field
need not be much larger than that of a simple 1V catheter {which typically involves just washing

aroend the infroduction sife).

[0072] In some embodiments, the catheter may be processed before being packaged into
the catheter retention body or the catheter may be packaged with additional components that may
ease introduction of the catheter or provide other improvements. For example, in certain
embodiments, a lubricant may be included in the sterile packaging to reduce any potential
friction during deployment of the catheters. Similarly, a coating designed to reduce friction

during deployment may be applied to the catheters during or prior to packaging.

[0073] Various embodiments are divected to methods for deploying a catheter, In general
such metheds include introducing o catheter into a blood vessel at an introduction site and

simultaneously introducing a fluld into the blood vessel at the introduction site. In certan
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cmbodiments. sinmiitancous intreducing of the catheter and fluid at a comunon ntroeduction site
can be carried out wsing a mudg-port mwrodoeer such as those descrbed above, In other
embodiments, a multi-port intreducer and a catheter retention device or a catheter retention
device and a common angiocatheier can be used to siroulianeously droduce a catheter and Hud
into a bloed vessel at a common mtroduction site. Without wishing to be bound by theory, the
introduction of fluid with the catheter may aliow the catheter to be carnied through a blood vessel
with the flow of blood through the blood vessels to the deployment site where it can be used for
the deployvment of drugs or other medical fluids without providing an external pushing force. The

fluid flowing into the blood vessel may ncrease the blood volome and enlarge or distend the
blood vessels to imprave blood flow and assist in movement of the catheter through the blood
vessels, Therefore, embodiments of the wethods may be used tor deployment of catheters
throngh veins, which generally exhibit weaker blood flow, as well as arteries, and in certamn

embaodiments, the methods may be directed specificaily to mtroducing a catheter o 2 VeI,

[0074] The flow rate and volume of Huid mdroduced during delivery of the catheter may
vary among embodiments and may depend on various factors incloding, for example, restraming
forces, the size of the catheter, the distance from the insertion site the catheter must travel for
proper placement, the size of the vessels, amount of flex or expansion desured by the walls of the
vein into which the catheter is being introduced, and the like and combinations thereot. In
general, the flow rate should be sutficient to urge the catheter through isde the patient’s vein and
through any insertion apparatus such as an angiccatheter, a mult-port introducer, or either an
angiocatheter or a multi-port imroducer and a catheter retention device. n some embodiments,
the flow rate may be sufficient to enlarge or distend the blood vessel, which may taciiiate
inserdon of the catheter into the blood vessel, and in turther embodimends, the flow rate may be
sufficient to augment the flow of the blood in the blood vessel, For example, the tlow rate may
be faster than the flow of blood such that that the flow of {fluid from the insertion apparatus

creates or asgments the forward or distally divected fosce op the catheter,

[0075] The flow rate may further off set restraining forces, As used heren, “restramning
force” may be any force that slows or ~ould slow movement of the catheter into the blood vessel,
For example, restraining forces can be created by the friction as the catheter moves through an

insertion apparatus such as an angiocatheter, a multi-port introducer, or either an anglocathetes of
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a multi-port introducer and a catheter retention device. Restriction forces further include manual
restraint of the catheter caused by friction as the catheter s removed from a storage container or
uncoiled from a spool. Limiting the play ocut of catheter, Tor example, a moiion controbied or
moton hmited spool can also be considered a source of restraning force, Sull other sources of
restraining force melude handbing of the catheter by the chniClan as 1t 18 ntroduced into the
insertion apparatus. Further sources of restramning torees nclude for example. pinch claraps or

friction wheels.

[0076] In some embodiments in which the catheter 1s deployed through an angiocatheter
or a multi-port introducer, the angiocatheter or multi-port introducer may be removed from the
insertion site after deployment. In other embodiments, the angiocatheter or multi-port introducer
head may remain inserted into the blood vessel after deployment and may continue to be used for
delivery of fluids into the blood vessel. For example, in some embodiments, methods may
include the steps of introducing or deploying a catheter into a blood vessel through an
angiocatheter or multi-port introducer and introducing fluid through the angiocatheter or multi-
port introducer after deployment of the catheter. In some embodiments, the fluid introduced into
the blood vessel after deployment may be saline, nutrient fluids such as glucose, or other medical
fluid that can be continually introduced into a patient. In other embodiments, the angiocatheter or
multi-port introducer may be used for locally delivering fluids such as, for example, contrasting
agents for scans or other tests, or drugs or other active agents, or combinations of these with
saline or other medical fluids. In certain embodiments, anti-fibrotic agents may be administered
through the angiocatheter or multi-port introducer, and the anti-fibrotic agent may wash over the
catheter mitigating the fibrotic response and reducing fibrous tissue deposits on the external
surface of the catheter to reduce thrombosis or catheter occlusion. Therefore, the catheter may
remain in place for a longer period of time than catheters that do not remain associated with an
angiocatheter or multi-port introducer that allows for fluid to be introduced at an insertion site

while a catheter 1s in place at the insertion site.

[0077] More particutar embodiments nclude the steps of inserting an angiocatheter o1
niudti-port introducer into a biood vessel, and in some embodiments, securing the angiocatheter
or multi-pert introducer using standard means such as taping to the patient's skin with medical

tape. The method may include conpecting the angiocatheter or multi-port introdacer 0 a fuid
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source and providing a flow of fluid through the angiocatheter or muiti-port introducer.
Providing fluid flow may be accomplished by any roeans. For exarpple, in some embodiments,
fluid flow may be provided using saline from an 1V bag and associated tubing that rehies on
gravity. In other embodiments, fluid flow may be provided by a purnp that pushes or pumps {luid
from a reservolr through the angiocatheter or muiti-port introducer. In st other embodiments,
flow of fluid may be provided using a syringe or other manual device, A catheter may then be
jnserted inio the anglocatheter or multi-port introducer while simultaneous fuid flow 1§
maintained through the angiocatheter or multi-port introducer. The catheter 1s carrted by the tiow
of fluid through the angiocatheter or mulit-port introducer and through the blood vessels by the

thad tiow,

[0078] In some embodiments, the step of inserting a catheter into the angiocatheter or
multi-port introducer can be facilitated with a catheter retention device such as those described
above. In such embodiments, after insgerting the angiocatheter or multi-port introducer into the
blood vessel, the method may include attaching a catheter retaining device housing a catheter to
the angiocatheter or multi-port introducer and initiating a flow of fluid through the angiocatheter
or multi-port introducer, the catheter retaining body, or both. The flow of fluid may then carry

the catheter into the blood vessel effecting deployment of the catheter.

[0079] In ceriain embodiments, the catheter setestion device may 1oclude a number of
fittings or purge venss, Referring to the catheter retention device of FIG. 3A, for example, such
methods mayv inclode operably connecting the catheter retention body 31 fo the angiocatheter or
multi-port introducer, opening a purge vent 327 on a catheter retention body 324, and fillng the
catheter retention body 328 with fluid. As fluid is introduced into the catheter retention body
328, air from inside the catheter setention body 326 can be pushed out through the purge vent
327 thereby removing air from the catheter retention body 328, When fiuid begins tlowimg
through the purge vent 327, the purge vent 327 may be closed, and further fhad introduced into
the catheter retention body 320 can flow inte the angiocatheter or multi-port introducer carrying
the catheter from the catheter retention body 328 into the angiocatheter or mulu-port yotroducer
and into the blood vessel. In some embodiments, deployment of the catheter may stop when the a
bulge or stopper associated with a proximal end of the catheter reaches a position on the catheter

retention device, angiocatheter, or multi-port introducer that cannot allow the bulge or stopper 1o
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[ass.

[0080] After deployment of the catheter, the catheter retention device may be removed
from the angiocatheter or multi-port introducer, and in some embodiments, the catheter may be
secured to the angiocatheter or multi-port introducer using a cap. The catheter may be accessed
as necessary by removing the cap or attaching a delivery device through the cap. As discussed
above, tluids such as saline, active agents, drugs, or contrast agents can be introduced into the
patient through the catheter while the angiocatheter or multi-port introducer remains in place,
and saline, active agents, drugs, or contrast agents can be introduced into the blood vessel
through the angiocatheter or multi-port introducer while the catheter remains in place. In various
embodiments, the catheter may be sized to be positioned at a specific location within the body of
the patient such as near a particular organ or injury, for example, near the patient's heart to
ettectuate localized delivery of the active agent, drug, or contrast agent introduced through the

second catheter.

[0081] While the catheter and deployment sysiem described herein can be operated
manually wssing existing discrete ancillary devices and eguipment such 15 angiocatheters,
altrasound ymagers, and band held syringes with saling, there can be a benefit in siandardization
of care and ease of use that comes with using an integrated electromechanical system. FIC. 9
shows a system that can be used to deploy the catheters of vanous embodiroents. Such systems
98 may include, for example. a system controller 992, electronically connected to one or more
pumps 904 that can be fludly connected o a fhud reservoir 506 or other source of njectable
fluid, The system controller 832 may be configured to recerve 1nformation about the catheter
G40, catheter retention body 91, and insertion device, the patient, the procedure, and other
parameters o detemmng the volumes and flow rates to be delivered over time, i addilion, the
cystern controller M2 mayv receive intormation from a user interface 948, information tags on
devices connected {o the system controlier sach as REFHY tags or bar codes 818, Wi-Fi or other

internet inks to hospital information systems %12, or combinations thercof,

[0082] In some embodiuments, mfcrmation about the catheter, catheter retention body,
and msertion device, the patient, the procedure, apd other parameters may be received by the

contret system 862, Por example, the control sysiem 982 may be operably connectad to the
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catheter retention body 1 through one or more catheter play-out monitors 9822 on, one or more
flow port monitors #0924 associated with floid ports 924, pressure sensors $26 on an wner
surface of the catheter retention body 91, and like and combmnations thereof. In some
ermbodiment, the system 98 may fuwrther include a tip location monttor Y32 or weasurement
systern 934 associated with the catheter 940, A wide variety of tip iccation methods are
currently wsed and can be incorporaied into the systems of embodiments. In certann
embodiments, the system %0 mway use information received from a play-out monitor %22 or
measuring device 9934 and a tip location monitor 9932 to control the fhuid flow by moduiating
e pump 904 or operating friction augmentation devices on the catheter retention body 38, The
information may be used by the operator and/or a computer program to opiiniize the tip location.
i some embodiments, the tp Jocation can be verified via a method such as a chest x-ray
following deployment. and the tip location can be adjusted using the system if the deployment
systern 90 has not been removed. Altematively, the catheter can be pulied back or moved

forward tf sterility has been matntaiped.

[0083] It wili bz appreciated that various of the above-disclosed and other features and
functions, or alternatives thereof, may be desirably combined into many other different systems
or applications. It will also be appreciated that various presently unforeseen or unanticipated
alternatives, modifications, variations or improvements thercin may be subsequently made by
those skitled in the art which are also intended to be encoropassed by the disclosed embodiments,
I not otherwise stated herein, it may be assumed that all components andfor processes described
heretofore may, if appropriate, be considered 1o be interchangeable with symilar components
and/or processes disclosed elsewhere in the apecification, unless an express indication 18 made to

the contrary.
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CLAIMS
What is clatimed s

L. A catheter retention device comprising:

a catheter retention body having a proximal and a distal end, the catheter retention body definin &
a lumen designed and configured o receive a catheter:

at least oue distal lateral fitting on a distal portion of the catheter retention body, the lateral
fitting being designed and counfigured to couple to a fluid source and introduce flsd nto the
distal portion of the lumen of the catheter retention body; and

a distal fitting at a distal end of the catheter retention body, the distal fitting defining an aperture
through which floid and a catheter exit the lumen of the catheter retention body, wherein fluid

flowing through the aperture provides sebstantially all of the force reauired to exnel the cathater
Cw 1: ) s . )
from the catheter retention body.

<. The catheter retention device of claim I, further comprising a catheter contained within the
lumen of the catheter retention body.

3. The catheter retention device of ¢laim 2, wherein the catheter is wound, coiled, or folded in
toe Juruen of the catheter retention body.

4. The catheter retention device of claim 2, wherein the catheter is composed of a soft flexible
material,

3. 'Fhe catheter retention device of claim 2, whercin the catheter does not include 2 guidewire.

6. The catheter retention device of olaim 1, further comprising one or more proximal fitting
operabiy conpected to the catheter and defining an aperture through the catheter retention body.

7. The catheter retention device of claim 1, further comprising one or more puree vent disposed
on the catheter retention body.
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&. The catheter retention device of claim 1. wherein the at least onc distal lateral fitting and the

distal fitting are selected from the group consisting of screw fittings, luer fittings. pressuse
{ittings, spap fittings, and combinations thereot.

9. The cathater retention device of claim 1, forther compriaing one or morz valves sejected from
the eroup comnsisting of gate or shide valves, needic valves, check valves, diapluragmn valves.
butterfly valves, and combinations thereof positioned to regulate thud flow into and through the
catheter retention body.

1. The catheter retention device of claum 1. further comprising one or more iriction
augmentation devices positionad to contact a catheter recerved within the lumen of the catheter
retention body.

L1, The catheter retention device of claim 1, further comprising one or more baffles, buikheads,
and combinations thereot disposed within the lumen of the catheter reteniion body.

{2, A mulit-port suroducer Comprising:

an introducer tube, designed and configured i be inserted into g blood vessel, the mitroducer
tube having an opening with a diameter sutficient to accommuodate a catheter and allow timd
delivery through the introducer tube during deployment ot the catheter:

a multi-port fitting head operably connected o the introducer tube;

a first {ittiog operably connected to the maolti-port wntroducer, the fust fithng conhigured (o
provide a substantialiy straight path from a proximal opening of the first fitling to the opening

the distal end of the introducer tube; and

one or more second fitting operably connected to & lateral portion of the mulu-port introducer,

13, The melti-port ingoducer of ¢lairn 12, wherein the first and second fittings are selected from
the group consisting of screw fittings, luer fittings, pressure fittings, snap fittings. and
comnnations theraot,

{4, The multi-port introducer of claim 12, further comprising one or more Venturt feateres
disposed between the multi-port fitting bead and the mtroducer tube,
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15, The muld-port introducer of clam 12, further comprising a needie assembly removeably
received within the introdvucer tube and muiti-port titiing head.

16, The multi-port introducer of claim 12, further comprising one or more caps configurad {0
removeably cover the first fiiting, the one or more second fittings, and combinations thereof.

17. A method for introducing a catheter into a bleod vessel, the method comprising:
intreducing an angiocatheter into a blood vessel: and

simultanecusly introducing tlaid and 2 catheier into the blood vessel,
12, The method of claim 17, wheren the angiocatheter comprises mulii-port introducer.

19, The methed of claim (&, wherein the multi-port introducer comprises at least a first fitting
through which the catheter enters the multi-port introducer and a second fitting through which
fluid enters the mult-port catheter.

20, The racthod of claim 17, further comprising atiaching a catheter retaining device housing the
athater to the angiocatheter and jutroducing flaid nto the catheter retention device,

c'? “»

21. The method of claim 17. further comprising monitoring the flow rate of fluid nto the catheter
retention device.

22, The method of claim 17, further comprising monitoring the position of the catheter in the
blood vessel.
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