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(57) ABSTRACT

Mixing systems and methods include a mixing device com-
prising a primary tube having a proximal end, a distal end, an
outer surface and an inner lumen and at least one secondary
tube having a proximal end, a distal end, an outer surface and
an inner lumen. The at least one secondary tube is substan-
tially parallel to the primary tube. The distal end of the at least
one secondary tube is fluidly connected to the primary tube at
a junction located on the primary tube close to the distal end
of the primary tube.
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MIXING SYSTEMS AND METHODS FOR
RESEARCH, INDUSTRIAL AND MEDICAL
USES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of and claims
priority to U.S. patent application Ser. No. 12/960,375, filed
Dec. 3, 2010, issued Mar. 3, 2015 as U.S. Pat. No. 8,968,238,
which is hereby incorporated by reference in its entirety.

FIELD

[0002] The present disclosure relates to mixing systems
and methods for chemicals, fluids, medications and other
materials, including intravenous fluid delivery systems and
methods.

BACKGROUND

[0003] In various industrial, laboratory and medical appli-
cations the ability to combine different chemicals, fluids,
medications and other materials in compliance with strict
sequence and timing parameters can be critical to success.
More particularly, these materials must be kept separate from
each other at certain times and be combined at certain times to
be effective. In the construction industry, for example, careful
attention must be paid to when water is added to cement or
concrete mix so the material does not dry before it can be
used. Wet laboratory research also requires that chemicals be
added and removed at precise times to optimize reactions and
avoid degradation of materials.

[0004] In medical care, especially in hospital operating
rooms, recovery rooms and intensive care units, it is often
necessary to deliver multiple medications, fluids and other
nutrient materials concurrently to patients via intravenous
(IV) infusion. These infusions may need to be kept separate,
combined or changed quickly in dose and/or rate. The effi-
ciency with which these infusions can be altered can often
have profound implications on their efficacy and for the safety
of the patient.

[0005] Inexisting IV tubing systems, dose and rate changes
are accomplished through the use of multiple separate sets of
IV tubing connected at a distance from the patient to IV
fluid/medication bags and/or infusion pumps. If multiple
medications and fluids have to be administered through fewer
IV access points on the patient, they often are connected via
stopcocks that allow multiple lines to be fed into a single
carrier line, sometimes at a significant distance from the
patient.

[0006] These existing approaches have significant draw-
backs, which can lead to grave errors and inefficiencies that
compromise the safety of the patient. Multiple IV lines can
cause logistical difficulties such as tangled, knotted or dis-
connected IV lines. Caretakers’ efforts to resolve these logis-
tical complications often require multiple disconnections and
re-connections of tubing, which leads to increased risk of
infection and errors during re-connection of similar looking
1V lines. The inadvertent connection of the wrong tube con-
taining the wrong materials to the patient’s vein can be
extremely dangerous and fatal in some cases.

[0007] Another disadvantage is that there is a delay in
changes made to the rate of administration of the medication
because existing [V tubing systems feed the extra lines into
the carrier line at a significant distance from the patient. In
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addition, boluses of fluid or medication may accumulate in
the main carrier line, leading to excessive administration.
[0008] Therefore, there exists a need for a simpler system
that allows greater control and facilitates precise mixing of
chemicals, fluids, medications and other materials. There is
also a need for a simpler and safer IV tubing system that
allows administration of multiple medications and fluids
without resort to multiple IV lines. There exists a need for an
IV tubing system that facilitates control and precise regula-
tion of the combination of the different medications and fluids
at a point close to patients.

SUMMARY

[0009] The present disclosure, in its many embodiments,
alleviates to a great extent the disadvantages of known mixing
systems by providing a system of coaxial tubing in a single
unit having a main carrier line and one or more administration
lines that run along the outer length of the carrier line and join
the main carrier line just before its distal connection point.
The disclosed systems and methods advantageously provide
the simplicity and efficiency of multiple lines in a single unit
and the exacting control necessary to maintain different
chemicals, fluids or medications separately while facilitating
mixing at a point close to the distal end of the system.
[0010] Exemplary embodiments include a mixing device
comprising a primary tube having a proximal end, a distal
end, an outer surface and an inner lumen and at least one
secondary tube having a proximal end, a distal end, an outer
surface and an inner lumen. The at least one secondary tube
runs substantially parallel to the primary tube, and the distal
end of the at least one secondary tube is fluidly connected to
the primary tube at a junction. The junction may be located on
the primary tube close to the distal end of the primary tube. In
exemplary embodiments, the primary tube and the at least one
secondary tube have separate and distinct entry points at their
proximal ends. The mixing device may comprise a back-flow
prevention mechanism coupled thereto to maintain unidirec-
tional flow of materials, and may also have a connector appa-
ratus attached to the distal end of the primary tube.

[0011] Inexemplary embodiments, the at least one second-
ary tube may comprise a plurality of secondary tubes, and at
least one of the plurality of secondary tubes may be attached
to the outer surface of the primary tube and extend longitu-
dinally along the outer surface of the primary tube. In exem-
plary embodiments, at least one of the plurality of secondary
tubes can peel away from the primary tube at or near the
proximal end of the secondary tube, and the proximal end of
the secondary tube comprises a port. The mixing device may
also include at least one tertiary tube having a proximal end
and a distal end, the at least one tertiary tube being substan-
tially parallel to the primary tube and the secondary tube. The
distal end of the at least one tertiary tube may have a separate
and distinct exit point from an exit point of the primary tube.
[0012] Inexemplary embodiments, the at least one primary
tube and at least one secondary tube are in a co-axial arrange-
ment with one tube running within the other. One or more of
the primary tube and the at least one secondary tube may be
color-coded to easily distinguish the different tubes. Further,
one or more of the primary tube and the atleast one secondary
tube may be made of a low absorption material for more
effective delivery of medications that are absorbed by stan-
dard tubing material or a low compliance material that allows
for pressure transduction or measurement of other physi-
ologic parameters such as arterial blood pressure monitoring.
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[0013] In exemplary embodiments, an intravenous fluid
delivery system is provided comprising at least one carrier
line having a proximal end, a distal end, an outer surface and
an inner lumen and at least one administration line having a
proximal end, a distal end, an outer surface and an inner
lumen. The at least one administration line runs substantially
parallel to the at least one carrier line, and the distal end of the
at least one administration line is fluidly connected to the at
least one carrier line at a junction. The junction may be
located on the at least one carrier line close to but spaced from
the distal end of the at least one carrier line. In exemplary
embodiments, the at least one carrier line and the at least one
administration line have separate and distinct fluid entry ports
at their proximal ends.

[0014] Inexemplary embodiments, the at least one admin-
istration line comprises a plurality of administration lines. At
least one of the plurality of administration lines may be
attached to the outer surface of the at least one carrier line and
extend longitudinally along the outer surface of the at least
one carrier line. The at least one carrier line may comprise two
or more bundled carrier lines, each carrier line having at least
one associated administration line fluidly connected thereto.
In exemplary embodiments, the distal end of the at least one
secondary administration line may have a separate and dis-
tinct exit point from an exit point of the at least one carrier line
such that a fluid traveling through the at least one secondary
administration line does not mix with a fluid in the atleast one
carrier line.

[0015] The system may also include a connector apparatus
attached to the distal end of the carrier line, the connector
apparatus being configured to connect the carrier line to an
intravenous fluid transfer component. Exemplary embodi-
ments may further comprise an sealing clamp or occlusion
clamp coupled to the at least one administration line at or near
its distal end. One or more of the carrier line and the at least
one administration line may be made of a low absorption
material for more effective delivery of medications that are
absorbed by standard tubing material or a low compliance
material that allows for pressure transduction or measure-
ment of other physiologic parameters such as arterial blood
pressure monitoring.

[0016] Exemplary embodiments include a clamp assembly
comprising an outer sheath having a proximal end, a distal
end, an outer surface, an inner surface and defining an inner
lumen, and an inner tube disposed within the inner lumen of
the outer sheath and releasably coupled to the outer sheath. A
first actuator is located at or near the distal end of the outer
sheath, and a second actuator is located at or near the proximal
end of the outer sheath. The clamp assembly may also com-
prise a retaining clip adjacent the first actuator. The inner tube
has a top half portion and a bottom half portion, and each of
the top half portion and the bottom half portion has a proximal
end, a distal end, an outer surface and an inner surface. The
top and bottom half portion of the inner tube define an inner
lumen of the inner tube.

[0017] In exemplary embodiments, a first protrusion is
formed on the inner surface of the top half portion of the inner
tube at or near the distal end of the top half portion and
substantially beneath the first actuator. Similarly, a second
protrusion is formed on the inner surface of the bottom half
portion at or near the distal end of the bottom half portion and
substantially beneath the first protrusion. A first cutting ele-
ment is formed on the inner surface of the top half portion of
the inner tube at or near the proximal end of the top half

Jun. 11, 2015

portion and substantially beneath the second actuator. A sec-
ond cutting element is formed on the inner surface of the
bottom half portion of the inner tube at or near the proximal
end of the bottom half portion and substantially beneath the
first cutting element. When the first actuator is pressed, the
first protrusion translates from an open position to a closed
position such that the first protrusion and second protrusion
seal the inner lumen of the inner tube in the closed position.
When the second actuator is pressed, the first cutting element
moves from an open position to a closed position toward the
second cutting element in a cutting motion. In exemplary
embodiments, the top half portion and a bottom half portion
of the inner tube comprise a linking mechanism fixedly
attaching the top half portion to the bottom half portion when
the first protrusion is in the closed position.

[0018] Exemplary embodiments include a method of mix-
ing materials comprising directing a first material through at
least one main passageway such that the material travels in a
first direction and directing a second material through at least
one secondary passageway such that the second material trav-
els in substantially the same direction as the first material.
Each of the at least one main passageway and the at least one
secondary passageway has a proximal end and a distal end.
[0019] The second material is directed through a junction
fluidly connecting the at least one secondary passageway to
the at least one primary passageway such that the first mate-
rial and second material are combined at a point close to but
spaced from the distal end of the at least one primary pas-
sageway. A third material may be directed through a tertiary
passageway such that the third material travels in substan-
tially the same direction as the first material and second
material. The third material may be directed through an exit
point of the tertiary passageway separate and distinct from an
exit point of the main passageway such that the third material
does not mix with the first material and second material.
[0020] Accordingly, it is seen that mixing devices are pro-
vided which allow simpler, safer and more precise mixing of
chemicals, fluids, medications and other materials. These and
other features of the present invention will be appreciated
from review of the following detailed description of the
invention, along with the accompanying figures in which like
reference numbers refer to like parts throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The foregoing and other objects of the disclosure
will be apparent upon consideration of the following detailed
description, taken in conjunction with the accompanying
drawings, in which:

[0022] FIG. 1A is a perspective view of an embodiment of
a mixing device in accordance with the present disclosure;
[0023] FIG. 1B is a cross-sectional view of the mixing
device of FIG. 1A,

[0024] FIG. 1C is a perspective view of a distal end of the
mixing device of FIG. 1A;

[0025] FIG. 1D is a cutaway view of a distal end of the
mixing device of FIG. 1A;

[0026] FIG. 1E is a perspective view of an embodiment of
an intravenous fluid delivery system in accordance with the
present disclosure;

[0027] FIG. 2A is a perspective view of an embodiment of
a mixing device in accordance with the present disclosure;
[0028] FIG. 2B is a cross-sectional view of an embodiment
the mixing device of FIG. 2A;
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[0029] FIG. 2C is a perspective view of a distal end of the
mixing device of FIG. 2A;

[0030] FIG. 2D is a cutaway view of a distal end of the
mixing device of FIG. 2A;

[0031] FIG. 2E is a perspective view of an embodiment of
an intravenous fluid delivery system in accordance with the
present disclosure;

[0032] FIG. 3A is a perspective view of an embodiment of
a mixing device in accordance with the present disclosure;
[0033] FIG. 3B is a cross-sectional view of the mixing
device of FIG. 3A;

[0034] FIG. 3C is a perspective view of a distal end of the
mixing device of FIG. 3A;

[0035] FIG. 3D is a cutaway view of a distal end of the
mixing device of FIG. 3A;

[0036] FIG. 3E is a perspective view of an embodiment of
an intravenous fluid delivery system in accordance with the
present disclosure;

[0037] FIG. 4A is a perspective view of an embodiment of
a mixing device in accordance with the present disclosure;
[0038] FIG. 4B is a cross-sectional view of the mixing
device of FIG. 4A,;

[0039] FIG. 4C is a perspective view of a distal end of the
mixing device of FIG. 4A;

[0040] FIG. 4D is a cutaway view of a distal end of the
mixing device of FIG. 4A;

[0041] FIG. 4E is a perspective view of an embodiment of
an intravenous fluid delivery system in accordance with the
present disclosure;

[0042] FIG. 5 is a detail cutaway view of a distal end of an
embodiment of a mixing device in accordance with the
present disclosure;

[0043] FIG. 6 is a detail cutaway view of of a distal end of
an embodiment of a mixing device in accordance with the
present disclosure;

[0044] FIG. 7A is a perspective view of an embodiment of
a clamp assembly in accordance with the present disclosure;
[0045] FIG. 7B is a perspective view of an embodiment of
a clamp assembly in accordance with the present disclosure;
[0046] FIG.8A is aside cutaway view of an embodiment of
clamp assembly in an open position in accordance with the
present disclosure;

[0047] FIG.8Bisacross-sectional view ofa distal end of an
embodiment of a clamp assembly shown in an open position
in accordance with the present disclosure;

[0048] FIG. 8C is a cross-sectional view of a proximal end
of an embodiment of a clamp assembly shown in an open
position in accordance with the present disclosure;

[0049] FIG.9A s aside cutaway view of an embodiment of
clamp assembly shown in a sealing configuration in accor-
dance with the present disclosure;

[0050] FIG.9Bisacross-sectional view ofa distal end of an
embodiment of a clamp assembly shown in a sealing configu-
ration in accordance with the present disclosure;

[0051] FIG. 10A is a side cutaway view of an embodiment
of clamp assembly shown in a cutting configuration in accor-
dance with the present disclosure;

[0052] FIG.10Bisa cross-sectional view of a proximal end
of an embodiment of a clamp assembly shown in a cutting
configuration in accordance with the present disclosure;
[0053] FIG. 11A is a perspective view of a proximal end of
an embodiment of a mixing device in accordance with the
present disclosure;
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[0054] FIG. 11B is a perspective view of a proximal end of
an embodiment of a mixing device in accordance with the
present disclosure;

[0055] FIG. 12 is a perspective view of a distal end of an
embodiment of a mixing device in accordance with the
present disclosure;

[0056] FIG. 13A is a perspective view of a distal end of an
embodiment of a mixing device in accordance with the
present disclosure;

[0057] FIG. 13B is a cross-sectional view of the mixing
device of FIG. 13A;

[0058] FIG. 13C is a perspective view of a proximal end of
the mixing device of FIG. 13A;

[0059] FIG. 14 is a perspective view of a distal end of an
embodiment of a mixing device in accordance with the
present disclosure;

[0060] FIG. 15A is a side cross-sectional view of an
embodiment of a mixing device in accordance with the
present disclosure;

[0061] FIG. 15B isarear cross-sectional view of the mixing
device of FIG. 15A,;

[0062] FIG. 16A is a side cross-sectional view of an
embodiment of a mixing device in accordance with the
present disclosure;

[0063] FIG. 16B is arear cross-sectional view of the mixing
device of FIG. 16A;

[0064] FIG.17A is a perspective view of an embodiment of
an intravenous fluid delivery system in accordance with the
present disclosure;

[0065] FIG. 17B is a cross-sectional view of the intrave-
nous fluid delivery system of FIG. 17A;

[0066] FIG. 18A is a perspective view of a proximal end of
an embodiment of a mixing device in accordance with the
present disclosure;

[0067] FIG. 18B is a perspective view of a distal end of the
mixing device of FIG. 18A;

[0068] FIG. 18C-11is across-sectional view of the proximal
end of the mixing device of FIG. 18A;

[0069] FIG. 18C-2 is a cross-sectional view of the distal
end of the mixing device of FIG. 18A;

[0070] FIG. 19A-1 is a perspective view of a proximal end
of'an embodiment of a mixing device in accordance with the
present disclosure;

[0071] FIG.19A-2is aperspective view of a distal end of an
embodiment of a mixing device in accordance with the
present disclosure;

[0072] FIG. 19B-1is a cross-sectional view of the proximal
end of the mixing device of FIGS. 19A-1 and 19A-2;

[0073] FIG. 19B-2 is a cross-sectional view of the distal
end of the mixing device of FIGS. 19A-1 and 19A-2;

[0074] FIG. 20A is a perspective view of an embodiment of
a mixing device in accordance with the present disclosure;
[0075] FIG. 20B is a cross-sectional view of the mixing
device of FIG. 20A taken at section 20B-20B;

[0076] FIG. 20C is a cross-sectional view of the mixing
device of FIG. 20A taken at section 20C-20C;

[0077] FIG. 20D is a perspective view of a junction point of
the mixing device of FIG. 20A;

[0078] FIG. 20E is a cutaway view of a junction point of the
mixing device of FIG. 20A;

[0079] FIG. 21A is a perspective view of an embodiment of
a mixing device in accordance with the present disclosure;
[0080] FIG. 21B is a cross-sectional view of the mixing
device of FIG. 21A taken at section 21B-21B;
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[0081] FIG. 21C is a cross-sectional view of the mixing
device of FIG. 21A taken at section 21C-21C;

[0082] FIG. 21D is aperspective view of a junction point of
the mixing device of FIG. 21A; and

[0083] FIG.21E is a cutaway view of a junction point of the
mixing device of FIG. 21A.

DETAILED DESCRIPTION

[0084] In the following paragraphs, embodiments will be
described in detail by way of example with reference to the
accompanying drawings, which are not drawn to scale, and
the illustrated components are not necessarily drawn propor-
tionately to one another. Throughout this description, the
embodiments and examples shown should be considered as
exemplars, rather than as limitations of the present disclosure.
As used herein, the “present disclosure” refers to any one of
the embodiments described herein, and any equivalents. Fur-
thermore, reference to various aspects of the disclosure
throughout this document does not mean that all claimed
embodiments or methods must include the referenced
aspects. Reference to temperature, pressure, density and
other parameters should be considered as representative and
illustrative ofthe capabilities of exemplary embodiments, and
embodiments can operate with a wide variety of such param-
eters. It should be noted that the figures do not show every
piece of equipment, nor the pressures, temperatures and flow
rates of the various streams.

[0085] Exemplary embodiments of a mixing device will be
described with reference to FIGS. 1A-D, 2A-D, 3A-D, 4A-D
and 20A-E. Mixing device 10 can be used in any application
in which various materials need to be combined with preci-
sion and advantageously allows precise control over the tim-
ing and sequence of mixing the materials. In exemplary
embodiments, a mixing device 10 includes a primary tube 12
and at least one secondary tube 14 fluidly connected to the
primary tube at a junction 16. The primary tube 12 has a
proximal end 18, a distal end 20, an outer surface 22 and
defines an inner lumen 24. Similarly, the secondary tube has
a proximal end 26, a distal end 28, an outer surface 30 and
defines an inner lumen 32. The primary tube 12 has an entry
point 34, which could be any type of port for introducing fluid
or materials, at its proximal end 26, and the secondary tube 14
has a distinct entry point 36 at its proximal end 26. The
secondary tubes 14 may have a bend or kink 37 to facilitate
access of materials into entry point 36.

[0086] The length, thickness and diameters of the primary
and secondary tubes may vary depending on the application,
and in exemplary embodiments the diameter ofthe secondary
tube 14 is relatively smaller than the diameter of the primary
tube 12. With reference to FIGS. 18 A-19B, it should be noted
that any variation of primary and secondary tubes could be
used, and all the tubes could have substantially the same
diameter. Thus, a mixing device 410 may comprise four sec-
ondary tubes 414 coupled together that converge into a pri-
mary tube 412 at or near the distal end of the 420 of the
primary tube 412. Alternatively, the mixing device 610 may
comprise a single tube subdivided into four secondary tubes
614 that converge into an undivided primary tube 612 at or
near its distal end 620.

[0087] The secondary tube 14 runs substantially parallel to
the primary tube 12, and in most uses fluids or other materials
traveling through the primary and secondary tubes 12, 14 flow
in the same direction. The secondary tube 14 may be attached
to the outer surface 22 of the primary tube 12. As best seen in
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FIGS. 2B, 3B and 4B, multiple secondary tubes 14 may be
spaced from each other around the outer surface 22 of the
primary tube 12. In exemplary embodiments, the secondary
tube 14 extends longitudinally along the outer surface 22 of
the primary tube 12, and may be attached at one or more
attachment points or have a continuous attachment along
much of the length of the outer surface of the primary tube 12
and secondary tube 14.

[0088] The attachment of the primary and secondary tubes
advantageously makes the mixing device efficient and easy to
use by providing a compact, uniform design with the tubes
attached in a single unit. As discussed in more detail herein,
one or more secondary tubes 14 may be removably attached
to the primary tube 12 so they can be peeled away or detached
from the primary tube 12 and discarded after the secondary
tube has been used. The detachment of one or more secondary
tubes may be facilitated by severing the tubes using a cutting
mechanism of a clamp assembly, as discussed in more detail
herein.

[0089] As bestseen in FIGS. 1D, 2D, 3D and 4D, junction
16 is located on the primary tube 12 close to its distal end 20.
In exemplary embodiments, the junction 16 provides a fluid
connection between at least one secondary tube 14 and the
primary tube 12 so a fluid or other material flowing through
the secondary tube 14 combines with a different fluid or
material flowing through the primary tube 12. Each junction
16 is spaced slightly proximal of the distal end 20 of the
primary tube 12 so the fluids or other materials from one or
more secondary tubes 14 can enter the primary tube 12 and
combine with the fluid or material in the primary tube 12
before the combined materials exit the distal end 20 of the
primary tube 12. The junction 16 should be close enough to
the distal end 20 of the primary tube 12 to optimize or sub-
stantially reduce the amount of the time for which a change in
materials, chemicals, or medication, or a change in amount or
dosage of the materials, chemicals, or medication adminis-
tered by the user is reflected in the materials, chemicals, or
medication exiting the distal end 20 of the primary tube 12.
This distance of the junction 16 from the distal end 20 of the
primary tube 12 could vary considerably depending on the
particular use of the mixing device, and may be between
about 1 mm and 25 cm.

[0090] As shown in FIGS. 20A-20E, a proximal portion of
each secondary tube 14 may extend longitudinally along the
outer surface 22 of the primary tube 12, and a distal portion of
each secondary tube 14 may extend longitudinally along the
inner surface 23 of the primary tube 12. More particularly,
each secondary tube 14 extends along the outer surface 22 of
the primary tube 12 until it reaches a cross-through point 13,
at which each secondary tube 14 penetrates the outer surface
22 of the primary tube 12 and enters the inner lumen 24 of the
primary tube 12. Each secondary tube 14 then extends along
the inner surface 23 of the primary tube through the inner
lumen 24 from the cross-through point 13 to a junction 16
near the distal end 20 of the primary tube 12. Each secondary
tube 14 maintains a separate conduit and is fluidly connected
with the primary tube 12 at a junction 16 located in the inner
lumen 24 of the primary tube 12 at or near the distal end 20 of
the primary tube 12. This configuration of much of the sec-
ondary tubes 14 within the primary tube 12 advantageously
provides a more streamlined and compact design.

[0091] In exemplary embodiments shown in FIGS. 21A-
21K, a portion of each secondary tube 14 may extend within
the wall 11 of the primary tube 12. More particularly, each
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secondary tube 14 extends along the outer surface 22 of the
primary tube 12 until it reaches a cross-through point 13, at
which each secondary tube 14 penetrates the outer surface 22
of the primary tube 12 and enters the wall 11 of the primary
tube 12. Each secondary tube 14 then extends through the
wall 11 of the primary tube from the cross-through point 13 to
the distal end 20 of the primary tube 12. Each secondary tube
14 is fluidly connected with the inner lumen 24 of the primary
tube 12 at a junction 16 located at or near the distal end 20 of
the primary tube 12. This configuration of much of the sec-
ondary tubes 14 within the wall 11 of the primary tube 12
advantageously provides a more streamlined and compact
design while allowing the full inner lumen 24 of the primary
tube 12 to remain open for flow of a primary material, chemi-
cal or medication 45.

[0092] This controlled convergence of fluids from one or
more secondary tubes to a primary tube near the distal end of
the primary tube advantageously provides the ability to trans-
port multiple different materials individually, then mix them
with precise volumes and timing and finally transport the
combined materials together out of the distal end 20 of the
primary tube 12. The distal end 20 of the primary tube 12
could have any kind of connector apparatus attached thereto
to fluidly connect the primary tube 12 to other tubing, indus-
trial or scientific apparatus or intravenous delivery tubing or
apparatus for delivering medication to human beings or ani-
mals undergoing medical care.

[0093] Referring to FIGS. 5 and 6, exemplary embodi-
ments of a mixing device 10 may comprise additional com-
ponents to regulate and control the flow of materials from the
secondary tubes 14 to the primary tube 12. For example, one
or more of the secondary tubes 14 could be equipped with a
mechanism to prevent back-flow of the fluid or material from
the primary tube 12 into the secondary tube 14. Such a back-
flow mechanism 38 may be coupled to the secondary tube 14
at its distal end 20 at or near junction 16. The back-flow
mechanism 38 could employ any variety of clamp, one-way
check valve 38a, ball valve 385, or any other device that
would regulate material flow and prevent material from leak-
ing backwards from the primary tube 12 to a secondary tube
14. The back-flow mechanism 38 could be located at other
points along the secondary tube 14 if desired, such as halfway
along the length of the secondary tube 14 or at or near its
proximal end 26. Similarly, as discussed in more detail
herein, the mixing device 10 could have an occlusion clamp
500 coupled to the secondary tube 14 to seal the tube and
prevent material from passing through junction 16 to primary
tube 12.

[0094] With reference to FIGS. 7A-10B, exemplary
embodiments of a sealing clamp, or occlusion clamp, will
now be described. An exemplary embodiment of a clamp
assembly 500 has a co-axial dual tube structure so it can be
threaded over a primary, secondary or tertiary tube, as
described in more detail herein. More particularly, the clamp
assembly 500 may comprise an outer sheath 502 that has a
proximal end 504, a distal end 506, an outer surface 508, an
inner surface 509 and defines an inner lumen 510, and an
inner tube 518 disposed within the inner lumen 510 of the
outer sheath 502.

[0095] In exemplary embodiments, the inner tube 518 is a
cylinder formed of a top half portion 524 and a bottom half
portion 526. The top and bottom half portions 524, 526 are
corresponding components, and each has a proximal end 527,
a distal end 530, an outer surface 532 and an inner surface

Jun. 11, 2015

534. Together, the top and bottom half portions 524, 526
define an inner lumen 536 of the inner tube 518. The top and
bottom half portions 524, 526 are unconnected when in an
open position and connected by connection portions 528a,
528b on either side of the inner tube 518 when in a closed
position and the secondary tube 514 is cut and permanently
sealed. The connection portions 528a, 5286 may be com-
posed of any type of connection mechanism that can fixedly
attach the top and bottom half portions 524, 526 of the inner
tube 518. In exemplary embodiments, each connection por-
tion 528a, 5285 comprises a male connecting portion 529 that
may be integrally formed with the top half portion 524 of the
inner tube 518 and a female connecting portion 531 defined
by an end of the bottom half portion 524 of the inner tube 518.
As described in more detail herein, the male and female
connecting portions 529, 531 form a snap-fit to connect the
top and bottom half portions 524, 526 of the inner tube 518
when in a closed position and the secondary tube 514 is cut
and permanently sealed.

[0096] The inner tube 518 may be releasably coupled to the
outer sheath 502 by a linking mechanism 503. The linking
mechanism 503 may be anything that maintains a temporary
attachment between the inner surface 509 of the outer sheath
502 and the outer surface 532 of the inner tube 518 such that
the attachment can be easily broken by minimal force to
manually separate the outer sheath 502 from the inner tube
518. In exemplary embodiments, linking mechanism 503
comprises a plurality of thin sheets of material such as plastic
that maintain the temporary attachment between the inner
surface 509 of the outer sheath 502 and the outer surface 532
of the inner tube 518 but sever easily.

[0097] A first actuator 520 may be located at or near the
distal end 506 of the outer sheath 502, and a second actuator
522 may be located at or near the proximal end 504 of the
sheath. In exemplary embodiments, the actuators 520, 522 are
buttons or other mechanisms that may be easily depressed by
the user. The outer sheath 502 may define one or more aper-
tures 514, 516 to house the actuators. More particularly, the
first actuator 520 may be partially disposed in a first aperture
514 located at or near the distal end 506 of the outer sheath
502 and the second actuator 522 may be partially disposed in
a second aperture 516 located at or near the proximal end 504
of'the outer sheath. It should be noted that the locations of the
actuators 520, 522 could be located anywhere along the outer
sheath 502 of the clamp assembly as long as one of the
actuators engages the temporary clamping mechanism 537
and the other engages the cutting mechanism 542.

[0098] Asbest seen in FIG. 9A-B, the clamp assembly 500
includes a temporary clamping mechanism 537 that can be
used to block flow of materials through the primary, second-
ary or tertiary tubes 12, 112, 212, 14, 114, 214, 40. More
particularly, a first protrusion 538 is formed on the inner
surface 534 of the top half portion 524 of the inner tube 518.
The first protrusion 538 may be located at any location along
the top half portion 524 of the inner tube 518, at or near the
proximal end 528, at or near the distal end 530 or in a central
region of the top half portion 524. In exemplary embodi-
ments, the first protrusion 528 is located toward the distal end
530 of the top half portion 524, and could be at the distal end
530 or displaced from the distal end, so long as the first
protrusion 538 is substantially beneath the first actuator 520
such that pressing the first actuator exerts a downward force
on the first protrusion 538.
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[0099] In exemplary embodiments, a second protrusion
540 is formed on the inner surface 534 of the bottom half
portion 526 of the inner tube 518 toward the distal end of the
bottom half portion 526. As with the first protrusion 538, the
location of the second protrusion 540 on the bottom half
portion 526 may vary. However, the second protrusion 540
should be substantially beneath the first protrusion 538 such
that depressing the first actuator 520 and the first protrusion
538 causes the first protrusion to contact the second protru-
sion 540 so the two protrusions 538, 540 seal the inner lumen
536 of the inner tube 518. The first and second protrusions
538, 540 may be fixedly attached to or integrally formed with
the top and bottom half portions 524, 526, respectively. The
first actuator 520 may have an intermediate depressed posi-
tion in which it is pressed down partially and the two protru-
sions 538, 540 form a temporary seal of the inner lumen 536.
In a second, fully depressed position, the first actuator 520 is
pressed down completely and the top and bottom half por-
tions 524, 526 become locked.

[0100] In exemplary embodiments, the clamp assembly
500 comprises a cutting mechanism 542 at or near the proxi-
mal end 527 of the inner tube 518. As discussed in more detail
herein, the cutting mechanism 542 allows the user to perma-
nently sever a primary, secondary or tertiary tube 12, 112,
212,14, 114, 214, 40 after use. As best seen in FIGS. 10A-B,
exemplary embodiments of a cutting mechanism include a
first cutting element 544 formed on the inner surface 534 of
the top half portion 524 of the inner tube 518 and a second
cutting element 546 formed on the inner surface 534 of the
bottom half portion 526 of the inner tube. The cutting ele-
ments 544, 546 may be separate components fixedly attached
to the inner tube 518 or integrally formed with the inner tube.
The cutting elements may be blades made of metallic material
or sharpened plastic materials and may be smooth or serrated.

[0101] The first cutting element 544 is located substantially
beneath the second actuator 522 such that depressing the
second actuator exerts a downward force on the first cutting
element 544. The second cutting element 546 is located sub-
stantially beneath the first cutting element 544 so that
depressing the second actuator 522 and the resulting down-
ward cutting motion of the first cutting element 544 causes it
to contact the second cutting element 546. [fthe clamp assem-
bly 500 is mounted on a primary, secondary or tertiary tube,
then the cutting elements 544, 546 would contact that tube,
and this action would serve to cut a portion of primary, sec-
ondary or tertiary tube, as described in more detail herein. It
should be noted that the cutting elements 544, 546 could be
located at any portion of the inner tube 518 so long as they are
substantially beneath one of the actuators 520, 522.

[0102] Exemplary embodiments of a clamp assembly 500
may further comprise a retaining clip 548 to hold the first
actuator 520 down and lock it in a depressed position. The
retaining clip 548 is located adjacent the first actuator 520
either proximal, distal or to the side of the first actuator 520.
In exemplary embodiments, the retaining clip 548 is located
just distal of the first actuator 520. As described in more detail
herein, when the first actuator 520 is in a partially depressed
position, the retaining clip 548 may be slid proximally to
engage the first actuator 520 and hold its downward force on
the first protrusion 538 to maintain the temporary seal of the
inner lumen 536 of the inner tube 518 and thereby block flow
of materials through one of the primary, secondary or tertiary
tubes. The retaining clip 548 may be slid distally to disengage
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it from the first actuator 520 so the first actuator is raised and
the inner lumen 536 is unsealed.

[0103] Referring to FIGS. 11A-B, the secondary tubes 14
of mixing device 10 may be detachable so the user can peel
them away after use. Turning to FIG. 12, it can be seen that an
exemplary embodiment of a mixing device 10 may include at
least one tertiary tube 40 that has a separate exit point 42
instead of a fluid connection with the primary tube 12 Like
secondary tubes 14, tertiary tube 40 has a proximal end 44, a
distal end 46, and outer surface 48 and defines an inner lumen
50. Tertiary tube 40 runs substantially parallel to the primary
tube 12 and one or more secondary tubes 14. However,
instead of its distal end 46 fluidly connecting to the primary
tube 12 at a junction, tertiary tube 40 has its own separate and
distinct exit point 42. This advantageously provides flexibil-
ity to the user so mixing device can be used in applications
where certain fluids or materials need to be combined while
other materials need to remain separate from the combined
materials. In addition, the tertiary tube 40 could be detachable
and peel away, as discussed in more detail with respect to
intravenous fluid delivery system embodiments.

[0104] As shown in FIGS. 13A-13C, exemplary embodi-
ments of a mixing device 110 may have multiple primary
tubes 1124, 1125 running in parallel, with each primary tube
112a, 11256 having one or more associated secondary tubes
114a-114c¢ running substantially parallel to a respective pri-
mary tube 112a, 1125. Each primary tube 1124, 1125 has a
proximal end 118, a distal end 120, an outer surface 122 and
defines an inner lumen 124. Each secondary tube is similarly
configured with a proximal end 126, a distal end 128, an outer
surface 130 and an inner lumen 132. In an exemplary embodi-
ment, the outer surfaces 122q, 1225 of the two primary tubes
112a, 1125 are attached, either continuously or at multiple
attachment points, and extend longitudinally in parallel con-
figuration. As best seen in FIGS. 13A-13C, the primary tubes
112a, 1125 could be configured to split apart at any point
along their length, particularly at a point closer to the distal
ends 128, and could also be releasably attached so they can be
easily peeled away from each other. The primary tube 112 has
one or more entry points 134, which could be any type of port
for introducing fluid or materials, at or near its proximal end
126, and the secondary tube 114 has a distinct entry point 36
at its proximal end 126.

[0105] In exemplary embodiments, secondary tubes 114a,
1145, 114¢ may be attached to the outer surface 122 of the
primary tube 1124, and secondary tubes 114d, 114e and 114/
are attached to the outer surface of primary tube 1125. The
secondary tubes 114a-f'extend longitudinally along the outer
surface 22 of the primary tube 1124, 1126 and may be
attached at one or more attachment points or have a continu-
ous attachment along much of the length of the outer surface
each respective primary tube 112 and secondary tube 114.
One or more secondary tubes 114 may be removably attached
to the primary tube 112 so they can be peeled away or
detached from the primary tube 112 and discarded after the
secondary tube has been used. Backflow prevention clamps or
valves, sealing clamps or occlusion clamps could also be
provided. Each primary tube 1124, 1125 has a junction 116
close to its distal end 120 to provide a fluid connection
between at least one secondary tube 114 and the primary tube
112a, 1125. The secondary tubes 114 could be color coded
with the different colors 115a-115d (represented by different
patterns in the figures) indicating different fluids or medica-
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tions so the user can associate each secondary tube 114 with
the particular chemical, medication or other material in that
tube.

[0106] Referring to FIG. 14, embodiments of a mixing
device 310 may comprise one or more secondary tubes 314
made of a different material than the other secondary tube
314. For example, a secondary tube 314¢ may be made of low
absorption material to minimize absorption of the fluid or
medication running through the tube 314¢. The secondary
tube 314¢ may also be composed of low compliance tubing to
allow for pressure transduction, i.e., arterial blood pressure
monitoring, or measurement of other physiologic parameters
such as arterial blood pressure monitoring.

[0107] In exemplary embodiments, the mixing device 210
may be configured in a co-axial arrangement. As shown in
FIGS. 15A-16B, the primary tube 212 is an inner tube sur-
rounded by one or more secondary tubes 214 such that the
inner lumen 232 of the first secondary tube 214aq is defined by
the outer surface 222 of the primary tube 212 and the inner
surface 249 of the first secondary tube 214a. The secondary
tube 2144 extends longitudinally along the outer surface 222
of the primary tube 212, and may be integrally formed with
the primary tube 212. Exemplary embodiments may further
comprise another secondary tube 21454 surrounding the first
secondary tube 2144 such that the inner lumen 233 of the
second secondary tube 21454 is defined by the outer surface
231 of'the first secondary tube 2144 and the inner surface 251
of the secondary tube 214b. It should be understood that a
co-axial mixing device 210 could include additional second-
ary tubes surrounding secondary tube 21454 One or more
junctions 216a-b are located close to the distal end 220 of the
primary tube 212 to provide a fluid connection between sec-
ondary tube 214a and the primary tube 212 and junction 2165
provides a fluid connection between secondary tube 2145 so
a fluid or other material flowing through the secondary tubes
214a, 2145 combines with a different fluid or material flow-
ing through the primary tube 212 before the combined mate-
rials exit the distal end 220 of the primary tube 212. As
discussed above, additional components to regulate and con-
trol the flow of materials from the secondary tubes 214 to the
primary tube 212, such as back-flow clamps or valves, or
occlusion clamps, may be provided.

[0108] Inoperation, the user introduces a first desired fluid,
chemical or other material 45 into the mixing device 10
through entry point 34 of the primary tube 12. One or more
secondary or tertiary materials 47, 49 are introduced into
entry point 36 of the secondary tube 14. The secondary or
tertiary materials 47, 49 could be introduced into the second-
ary tubes 14 at about the same time as the primary material 45
is introduced into the primary tube 12 or at different times.
The timing depends on the particular purpose of the user, the
nature of the application and the types of materials being
used.

[0109] The first material 45 travels through the inner lumen
24 of the primary tube 12 from its proximal end 18 to its distal
end 20. Concurrently or at a later time, the second material 46
travels through the inner lumen 32 of the secondary tube 14
from its proximal end 26 to its distal end 28. In exemplary
embodiments, the user may maintains occlusion clamp 500 in
a sealed position to prevent one or more of the secondary or
tertiary materials 47, 49 in the secondary tubes 14 from mix-
ing with the first material 45 in the primary tube. At the
desired time for combining the secondary and/or tertiary
materials 47, 49 with the primary material 44, the user opens
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the occlusion clamp 500 of one or more secondary tubes 14.
This permits the secondary and/or tertiary materials 47, 47 to
resume flow through junction 16 into the primary tube 12 and
combine with the first material 45.

[0110] The user then may direct the combined materials
through the distal end 20 of the primary tube 12 via a con-
nector apparatus to other tubing, industrial, medical or scien-
tific apparatus. When using embodiments of the invention
having a tertiary tube 40, the user may direct a tertiary mate-
rial 49 through the tertiary tube 40 and out the separate exit
point 42. The user may also peel away and detach the tertiary
tube 40 after completing the transfer of tertiary material 48
through it.

[0111] One or more clamp assemblies 500 may be used in
conjunction with one or more of the tubes during operation to
allow for temporary or permanent blocking of the flow of
materials or to facilitate severance of one or more of the tubes.
As discussed with reference to FIG. 7A-10C, an exemplary
embodiment of a clamp assembly 500 may be threaded onto
a secondary tube 14. If it is desired to temporarily seal the
secondary tube 14, the user depresses the first actuator 520,
which forces the first protrusion 538 downward and squeezes
the secondary tube 14 between the first and second protrusion
538, 540, thereby sealing the secondary tube 14 and blocking
the flow of material therein. The user may partially depress
the first actuator 520 and hold it manually to temporarily
block flow. Alternatively, the user may partially depress the
first actuator 520 and slide the retaining clip 548 proximally
so it engages the first actuator 520 and holds the first actuator
520 in the partially depressed position. To unseal the second-
ary tube 14 and restore the flow of materials therethrough, the
user either releases the first actuator 520 directly or slides the
retaining clip 548 distally to disengage it from the first actua-
tor 520 and allow the first actuator 520 to rise from the
partially depressed position.

[0112] If it is desired to permanently seal the secondary
tube 14, the user presses the first actuator 520 to its fully
depressed position. This action forces the first protrusion 538
downward and squeezes the secondary tube 14 between the
first and second protrusion 538, 540, thereby sealing the
secondary tube 14 to block the flow of material therein. This
action also causes the top and bottom half portions 524, 526
to lock via the snap-fit engagement of male connecting por-
tions 529 with female connecting portions 531 and stay in a
compressed position.

[0113] If the user has finished using one or more of the
primary, secondary or tertiary tubes in operation of the mix-
ing device, a portion of a tube may be permanently severed
using the clamp assembly 500. To cut secondary tube 14, the
user depresses the second actuator 522, which causes a down-
ward force on the first cutting element 544. The first cutting
element 544 moves in a downward cutting motion toward the
second cutting element 546 and the two cutting elements
sever the secondary tube 14. The severed portion of the sec-
ondary tube 14 can then be discarded. The user may separate
the outer sheath 502 from the inner tube 518 of the clamp 500
by sliding the outer sheath 502 in a proximal direction oft the
inner tube 518 and sliding the inner tube 518 in a distal
direction. The sliding force causes linking mechanisms 503 to
break, thereby decoupling the outer surface 532 of the inner
tube 518 from the inner surface 509 of the outer sheath 502.
The inner tube 518 of the occlusion clamp 500 remains
coupledto the secondary tube 14 as cutting mechanism 542 of
the occlusion clamp 500 will remain in a closed position to
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permanently seal the primary, secondary or tertiary tube at the
severed end so the used tube can be discarded cleanly and
safely without leakage of chemicals or other hazardous mate-
rials.

[0114] Referring now to FIGS. 1E, 2E, 3E, 4E and 17A-B,
exemplary embodiments of a mixing device for use in intra-
venous (IV) fluid delivery applications will be described. An
exemplary embodiment of an intravenous fluid delivery sys-
tem 310 comprises at least one carrier line 312 and atleast one
administration line 314 fluidly connected to the primary tube
atajunction 316. The carrier line 312 has a proximal end 318,
a distal end 320, an outer surface 322 and defines an inner
lumen 324. Similarly, the administration line 314 has a proxi-
mal end 326, adistal end 328, an outer surface 330 and defines
an inner lumen 332. The carrier line 312 has an entry point
334, which could be any type of port suitable for introducing
IV carrier fluids, nutrient fluids, medications or anesthetic
agents, at its proximal end 326. In exemplary embodiments,
there is a female Luer lock connector 331 to facilitate injec-
tion of fluids or medication into the carrier line. Each admin-
istration line 314 has a distinct entry point 336 at its proximal
end 326 and may also include a Luer lock connector 331.

[0115] The administration line 314 runs substantially par-
allel to the carrier line 312, and in most medical uses fluids or
medications traveling through the carrier and administration
lines 312, 314 flow in the same direction. The secondary tube
314 may be attached to the outer surface 322 of the primary
tube 312. In exemplary embodiments, the administration line
314 extends longitudinally along the outer surface 318 of the
carrier line 312, and may be attached at one or more attach-
ment points or have a continuous attachment along much of
the length of the outer surface of the carrier line 312 and
administration 314. One or more of the administration lines
314 may have a bend or kink 337 to facilitate access of
materials into entry point 336. In addition, one or more of the
administration lines 314 may be removably attached to the
carrier line 312 so they can be peeled away or detached from
the carrier line 312 and discarded after one or more of the
administration lines 314 have been used.

[0116] In exemplary embodiments, IV fluid delivery sys-
tem has a junction 316 at or near the distal end 320 of the
carrier line 312. The junction 316 provides a fluid connection
between at least one administration line 314 and the carrier
line 312 so a second IV fluid or medication that flows through
the administration line 314 mixes with a first IV fluid or
medication that flows through the carrier line 312. Each junc-
tion 316 is spaced slightly proximal of the distal end 320 of
the carrier line 312 so the fluids or medications from one or
more administration lines 314 can enter the carrier line 312
and combine with the carrier fluid in the carrier line 312
immediately before the combined materials exit the distal end
320 of the carrier line 312. The distal end of the carrier line
312 may be fitted with a male Luer lock connector 333 to
facilitate a connection to an IV tube 339 entering the patient
340.

[0117] As discussed with reference to FIGS. 5-6, mecha-
nisms to prevent back-flow of the carrier fluid or other mate-
rial from the carrier line into the administration lines may be
provided. The IV delivery system 310 could also include an
occlusion clamp 500. In exemplary embodiments, the occlu-
sion clamp 500 is coupled to the secondary tube 314 to seal
the tube and stop the flow of IV fluids or medications from
passing through junction 316 to the carrier line 312. Embodi-
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ments of an occlusion clamp 500 are described in detail above
in connection with FIGS. 7A-10C, so will not be comprehen-
sively described again here.

[0118] It should be noted that each and every embodiment
and variation of a mixing device described above could be
used in conjunction with an IV delivery system and some
embodiments may be particularly advantageous in IV appli-
cations. For instance, as discussed with reference to FIG. 12,
one or more of the administration lines could have a separate
and distinct exit point instead of a fluid connection with the
carrier line and could be detachable so the medical practitio-
ner could peel it away and discard the administration line after
use. This advantageously provides flexibility to the medical
practitioner in applications where certain IV fluids or medi-
cations need to be combined while other IV materials need to
remain separate from the combined fluids or medications.

[0119] In addition, an IV delivery system may comprise
multiple carrier lines running in parallel, each having one or
more associated administration lines running substantially
parallel to a respective carrier line. As best seen in FIGS.
13A-13C, the carrier lines could be configured to splitapart at
any point along their length, particularly at a point closer to
the distal ends, and could also be releasably attached so the
medical practitioner can easily peel the carrier lines away
from each other. The administration lines could be color
coded with the different colors (represented by different pat-
terns in the figures) indicating different IV fluids or medica-
tions. As shown in FIG. 14, one of the administration lines
could be made of a different material than the other adminis-
tration lines such as a low absorption material for more effec-
tive delivery of medications that are absorbed by standard
tubing material or low-compliance tubing to allow for pres-
sure transduction or measurement of other physiologic
parameters such as arterial blood pressure monitoring. Refer-
ring again to FIGS. 15A-16B, an IV delivery system could
also have a co-axial configuration such that the carrier line is
an inner tube surrounded by one or more administration lines.

[0120] In operation, the medical practitioner introduces
carrier fluid 339 into the carrier line 312 through female Luer
lock connector 331 so the carrier fluid 337 flows through the
inner lumen 324 of the carrier line 312 and into the patient
340. At any time before it is necessary to administer addi-
tional IV fluids or IV medication 335, the medical practitioner
introduces one or more of such fluids or medications into a
respective administration line 314. Backflow prevention
mechanisms 338 may be used to ensure that the carrier fluid
337 does not flow backwards into any of the administration
lines 314.

[0121] The medical practitioner may employ an occlusion
clamp 500 by threading it onto one or more of the adminis-
tration lines 314 to a desired location on the administration
line 314 so the administration line runs through the inner
lumen 536 of inner tube 518. To prevent the flow of IV fluid
or medication 335 from the administration line 314 into the
carrier line 312, the medical practitioner uses the temporary
clamping mechanism 537 by pressing the first actuator 520
down into an intermediate position. This causes the first pro-
trusion 538 to move downward and squeeze a portion of the
administration line 314 between the first and second protru-
sions 538, 540, thereby temporarily sealing the administra-
tion line 314. The medical practitioner may slide the retaining
clip 548 in a proximal direction to hold down the first actuator
520 and maintain the seal.
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[0122] Whenthe medical practitioner is ready to administer
the IV fluid or medication 335 in the administration line 314,
he or she either manually releases the first actuator 520 or
slides the retaining clip 548 in a distal direction to disengage
it from the first actuator. This causes the first protrusion 538 to
rise and unseals the administration line 314 to restore flow of
the IV fluid or medication 335. The IV fluid or medication 335
then flows distally through the inner lumen 332 of the admin-
istration line 314 and through junction 316 into the carrier line
312. There the IV fluid or medication 335 mixes with the
carrier fluid 337 flowing through the inner lumen 324 of the
carrier line 312. The combined carrier fluid 337 and IV fluid
or medication 335 then exit the distal end 320 of the carrier
line 312 through male Luer lock connector 333 and flows into
the patient 340.

[0123] Ifusing a peel away embodiment, the medical prac-
titioner may then simply peel away the used administration
line 314 after the IV fluid or medication 335 has been admin-
istered. Alternatively, the medical practitioner could sever the
used administration line 314 using the cutting mechanism
cutting mechanism 542 of the occlusion clamp 500. This can
be accomplished by depressing the second actuator 522,
which causes cutting element 544 to move downward toward
cutting element 546, thereby cutting through the portion of
the administration line 314. The medical practitioner can
sever at any point along the administration line 314 by sliding
the occlusion clamp 500 along the line to the desired point and
then depressing the second actuator 522 when the desired
point is reached. This advantageously allows the medical
practitioner the flexibility cut or peel away all of the used
administration line 314 or just a portion of it. The cutting
mechanism 542 of the occlusion clamp 500 will remain in a
closed position to permanently seal the administration line
314 at the severed end so the used administration line 314 can
be discarded cleanly and safely without leakage of fluids or
medication.

[0124] It will be apparent to those skilled in the art that the
selective separation and attachment points of the carrier line
and the administration lines makes the IV delivery system
particularly advantageous for medical uses. The system is
both efficient and easy to use due to its a compact, integrated
design with the tubes attached in a single unit, and with
selective flow control and administration line peel away capa-
bility. The system provides an IV fluid and medication deliv-
ery system that is safe during use and safe to clean up.

[0125] Thus, it is seen that mixing systems and methods for
research, industrial and medical uses are provided. It should
be understood that any of the foregoing configurations and
specialized components or chemical compounds may be
interchangeably used with any of the systems of the preceding
embodiments. Although illustrative embodiments of the
present invention are described hereinabove, it will be evident
to one skilled in the art that various changes and modifications
may be made therein without departing from the invention. It
is intended in the appended claims to cover all such changes
and modifications that fall within the true spirit and scope of
the invention.

What is claimed is:

1. A mixing device comprising:

aprimary tube having a proximal end, a distal end, an outer
surface and defining an inner lumen;
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at least one secondary tube having a proximal end, a distal
end, an outer surface and defining an inner lumen, the at
least one secondary tube being substantially parallel to
the primary tube;

the distal end of the at least one secondary tube being

fluidly connected to the primary tube at a junction, the
junction being located close to the distal end of the
primary tube.

2. The mixing device of claim 1 wherein the primary tube
and the at least one secondary tube have separate and distinct
entry points at their proximal ends.

3. The mixing device of claim 1 further comprising a back-
flow prevention mechanism coupled to the mixing device.

4. The mixing device of claim 1 further comprising a con-
nector apparatus attached to the distal end of the primary tube.

5. The mixing device of claim 1 wherein the at least one
primary tube and at least one secondary tube are in a co-axial
arrangement.

6. The mixing device of claim 1 wherein the at least one
secondary tube comprises a plurality of secondary tubes.

7. The mixing device of claim 6 wherein at least one of the
plurality of secondary tubes is attached to the outer surface of
the primary tube and extends longitudinally along the outer
surface of the primary tube.

8. The mixing device of claim 7 wherein at least one of the
plurality of secondary tubes peels away from the primary tube
at or near the proximal end of the secondary tube.

9. The mixing device of claim 1 further comprising at least
one tertiary tube having a proximal end and a distal end, the at
least one tertiary tube being substantially parallel to the pri-
mary tube and the secondary tube;

the distal end of the at least one tertiary tube having a

separate and distinct exit point from an exit point of the
primary tube.

10. The mixing device of claim 1 wherein one or more of
the primary tube and the at least one secondary tube is color-
coded.

11. The mixing device of claim 1 further comprising a
sealing clamp coupled to one or more of the primary tube and
the at least one secondary tube.

12. An intravenous fluid delivery system, comprising:

at least one carrier line having a proximal end, a distal end,

an outer surface and defining an inner lumen;

at least one administration line having a proximal end, a

distal end, an outer surface and defining an inner lumen,
the at least one administration line being substantially
parallel to the at least one carrier line;

the distal end of the at least one administration line being

fluidly connected to the at least one carrier line at a
junction, the junction being located close to the distal
end of the at least one carrier line.

13. The system of claim 12 wherein the at least one carrier
line and the at least one administration line have separate and
distinct fluid entry ports at their proximal ends.

14. The system of claim 12 wherein the at least one admin-
istration line comprises a plurality of administration lines.

15. The system of claim 14 wherein at least one of the
plurality of administration lines is attached to the outer sur-
face of the at least one carrier line and extends longitudinally
along the outer surface of the at least one carrier line.

16. The system of claim 12 further comprising a connector
apparatus attached to the distal end of the carrier line, the
connector apparatus being configured to connect the carrier
line to an intravenous fluid transfer component.
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17. The system of claim 12 further comprising at least one
secondary administration line having a proximal end, a distal
end, an outer surface and an inner lumen, the at least one
secondary administration line being substantially parallel to
the at least one carrier line;

the distal end of the at least one secondary administration

line having a separate and distinct exit point from an exit
point of the at least one carrier line such that a fluid
traveling through the at least one secondary administra-
tion line does not mix with a fluid in the at least one
carrier line.

18. The system of claim 12 wherein the at least one carrier
line comprises two or more bundled carrier lines, each carrier
line having at least one associated administration line fluidly
connected thereto.

19. The system of claim 12 further comprising an occlusion
clamp assembly coupled to one or more of the at least one
carrier line and the at least on administration line.

20. The system of claim 12 wherein one or more of the
carrier line and the at least one administration line is made of
a low absorption material.
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