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(57) ABSTRACT

A device or system includes a mixer comprising a three-
dimensional lattice defining a plurality of tortuous, intercon-
necting passages therethrough. The mixer is in communica-
tion with sources or streams of at least two separate
components which, when mixed, form a combined fluid
stream. The sources or streams may be, at least initially, on
opposite sides of the mixer, or the sources or streams may be
on the upstream side of the mixer with an outlet disposed
downstream of the mixer. A related method may include
providing a mixer comprising a three-dimensional lattice
defining a plurality of tortuous, interconnecting passages
therethrough, and selecting a material for the mixer based on
physical characteristics of said material, said characteristics
including a selected one or more of mean flow pore size,
thickness and porosity volume.
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DEVICE, SYSTEM AND METHOD FOR
MIXING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of and priority to
U.S. Provisional Patent Application Ser. No. 60/759,695,
filed Jan. 17,2006, which is incorporated by reference herein.

BACKGROUND

[0002] This disclosure generally relates to an inline mixer
for mixing multiple components of a combined fluid stream.
In fact, this disclosure relates to such inline mixers, systems
utilizing such inline mixers and methods of inline mixing in a
variety of fields, including medicine, energy, manufacturing,
etc.

[0003] Inline mixing of combined fluid streams, including
fluid streams of different viscosities, may be useful in a wide
variety of settings including the medical field, the food indus-
try, electronics, automotive, energy, petroleum, pharmaceu-
tical, chemical industries, manufacturing and others. In one
example of an application in the medical field, inline mixing
of'two or more combined fluid streams is employed to form a
sealant, such as a tissue sealant, that is applied to human and
animal tissue. Such sealant may be employed to seal or repair
tissue at a surgical or wound site, to stop bleeding, seal
wounds, treat burns or skin grafts and a variety of other
purposes. In the food industry, inline mixing of two or more
components are useful for blending of food and beverage
compositions. In the electronics and/or manufacturing indus-
tries, the combination of two or more components may be
employed to create coatings or sealants as desired for particu-
lar applications. This may include coating or sealants that are
optically clear, electrically conductive or insulative, ther-
mally conductive or high temperature resistant or useful in
very low temperature or cryogenic applications. In the oph-
thalmologic field, inline mixing of two or more components
may be desirable to provide relatively small quantities or low
flow rates of a treating agent for treatment of the eye. In the
fuel or energy industries, inline mixing of air, water or other
components with fuel may be helpful to create environmen-
tally safer or cleaner fuels. Inline mixing may also be helpful
in the manufacture of nano- or micro-sized particles and
particle suspensions for use in the medical (such as drug
delivery) field.

[0004] In the medical field, and more particularly in the
field of tissue sealants used to seal or repair biological tissue,
such sealant is typically formed from two or more compo-
nents that, when mixed, form a sealant having sufficient adhe-
sion for a desired application, such as to seal or repair skin or
othertissue. Such sealant components are preferably biocom-
patible, and can be absorbed by the body, or are otherwise
harmless to the body, so that they do not require later removal.
For example, fibrin is a well known tissue sealant that is made
from a combination of at least two primary components—
fibrinogen and thrombin, which have, depending on the tem-
perature, different viscosities of about 300 cps and 15 cps,
respectively. Upon coming into contact with each other, the
fibrinogen and thrombin components interact to form a tissue
sealant, fibrin, which is extremely viscous.

[0005] Sealant components may be kept in separate con-
tainers and are combined prior to application. However,
because sealant components such as fibrinogen and thrombin
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have different viscosities, complete and thorough mixing is
often difficult to achieve. If the components are inadequately
mixed, then the efficacy of the sealant to seal or bind tissue at
the working surface is compromised.

[0006] Inadequate mixing of the type described above is
also a problem present in other medical and/or non-medical
fields, where two or more components having relatively dif-
ferent viscosities are required to be mixed together. Such
components may tend to separate from each other prior to use
or be dispensed in a less than thoroughly mixed stream, due at
least in part to their different viscosities, flow rates and
depending on the temperature and amount of time such mix-
ture may be stored prior to use.

[0007] To overcome the difficulties of the formation of the
highly viscous fibrin in the medical field, in providing tissue
sealant, it has become common to provide in-line mixing of
two or more components—in lieu of batch or tank mixing of
the components—to form a tissue sealant, just prior to its
application on a work surface. Some sealant products that
may provide suitable mixtures include FLOSEAL, COSEAL,
TISSEEL and ARTISS sealants from Baxter Healthcare Cor-
poration, OMINEX sealants from Johnson & Johnson and
BIOGLUE sealants from Cryolife, Inc. Such sealant may be
applied by a dispenser that ejects sealant directly onto the
tissue or other substrate or working surface. Examples of
tissue sealant dispensers are shown in U.S. Pat. Nos. 4,631,
055, 4,846,405, 5,116,315, 5,582,596, 5,665,067, 5,989,215,
6,461,361 and 6,585,696, 6,620,125 and 6,802,822 and PCT
Publication No. WO 96/39212, all of which are incorporated
herein by reference. Further examples of such dispensers also
are sold under the Tissomat® and Duploject® trademarks,
which are marketed by Baxter AG. Typically, in these prior art
devices, two individual streams of the components fibrinogen
and thrombin are combined and the combined stream is dis-
pensed to the work surface. Combining the streams of fibrino-
gen and thrombin initiates the reaction that results in the
formation of the fibrin sealant. While thorough mixing is
important to fibrin formation, fouling or clogging of the dis-
penser tip can interfere with proper dispensing of fibrin. Such
clogging or fouling may result from contact or mixing of the
sealant components in a dispenser for an extended period of
time prior to ejection of the sealant components from the
dispensing tip.

[0008] In current mixing systems, the quality of mixing of
two or more components having different viscosities may
vary depending on the flow rate. For example, under certain
flow conditions, the components may be dispensed as a less
than thoroughly mixed stream. Accordingly, there is a desire
to provide a mixing system which is not dependent on the flow
rate to achieve sufficient mixing.

[0009] Although prior devices have functioned to various
degrees in forming and dispensing mixtures, there is a con-
tinuing need to provide a mixer and dispensing system that
provides reliable and thorough mixing of at least two com-
ponents (such as, for example, for a tissue sealant) for appli-
cation to a desired work surface or other use applications in
other fields. Such a mixing system could be provided to
dispense the mixture just prior to or at least in close proximity
to its intended use or application. Preferably, such a mixer and
dispensing system would also avoid undue fouling or clog-
ging of the dispenser.

SUMMARY

[0010] Inone aspect, the present disclosure is directed to a
device for mixing at least two separate streams of components
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which, when mixed, form a combined fluid stream. The
device includes a first passageway adapted to communicate
with one of the at least two separate streams, and a second
passageway adapted to communicate with another of the at
least two separate streams. The device also includes a mixer
communicating with each of the first and second passageways
comprising a three-dimensional lattice defining a plurality of
tortuous, interconnecting passages therethrough. The mixer
has physical characteristics to sufficiently mix the component
streams of the combined fluid stream, which characteristics
include a selected one or more of mean flow pore size, thick-
ness and porosity.

[0011] In another aspect, the present disclosure is directed
to a system for combining at least two separate streams of
components which, when mixed, form a combined fluid
stream. The system includes a first passageway in fluid com-
munication with one of the at least two separate streams, a
second passageway in fluid communication with another of
the at least two separate streams, and a third passageway in
fluid communication with and downstream of the first and
second passageways for joining the at least two separate
streams at a selected location. The system also includes at
least one mixer downstream of and in the vicinity of the
selected location, the mixer comprising a three-dimensional
lattice defining a plurality of tortuous, interconnecting pas-
sages therethrough. Additionally, the system includes an out-
let downstream of the mixer to allow flow of the combined
fluid stream.

[0012] Inafurther aspect, the present disclosure is directed
to a system for mixing at least two separate components
which, when mixed, form a combined fluid stream. The sys-
tem includes at least one mixer having first and second sides
and comprising a three-dimensional lattice defining a plural-
ity of tortuous, interconnecting passages therethrough, a first
port in fluid communication with the first side of the mixer
and adapted to communicate with a source of a first compo-
nent, and a second port in fluid communication with the
second side of the mixer and adapted to communicate with a
source of a second component. Each port is in fluid commu-
nication with the other port through the mixer to allow one of
the first and second components to flow from selected one of
the first and second sides of the mixer to the other side and to
allow return flow of both the first and second components
from the other side through the mixer.

[0013] In a still further aspect, the present disclosure is
directed to a method for combining at least two separate
components. The method includes providing a mixer com-
prising a three-dimensional lattice defining a plurality of tor-
tuous, interconnecting passages therethrough, and selecting a
material for the mixer based on physical characteristics of
said material, said characteristics including a selected one or
more of mean flow pore size, thickness and porosity volume.
[0014] A more detailed description of these and other
aspects of the devices, systems, methods and compositions of
the present disclosure is set forth below.

[0015] Although described later in terms of certain struc-
tures, it should be understood that the device, system and
method of'the present invention are not limited to the identical
structures shown, and that the scope of the present invention
is defined by the claims as now or hereafter filed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a partial cross-sectional view of one
embodiment of a tissue sealant dispenser set forth in the
present disclosure.
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[0017] FIG. 2 is an enlarged cross-sectional view of the
distal end portion of the dispenser of FIG. 1, showing portions
of the dispenser removed.

[0018] FIG. 3isanenlarged distal end view of the distal end
portion of FIG. 2.

[0019] FIG. 4 is a perspective view of the distal end portion
shown in FIG. 2.

[0020] FIG. 5 is a top view of an alternative dispenser,
similar to FIG. 1 with a mixing portion removed, showing
portions in cross section to illustrate the fluid stream passage-
ways defined in a distal end portion of the dispenser.

[0021] FIG. 6 is a top view of the dispenser of FIG. 1 with
a mixing portion removed, showing portions in cross section
to illustrate the fluid stream passageways defined in a distal
end portion of the dispenser.

[0022] FIG. 7is atop view of another alternative dispenser,
similar to FIG. 1, with a mixing portion removed, showing
portions in cross section to illustrate the fluid stream passage-
ways defined in a distal end portion of the dispenser.

[0023] FIG. 8is adistal end view of the dispenser of FIG. 5.
[0024] FIG. 9 is a scanning electron picture showing a
lateral cross section of a sintered polypropylene material
having a width of approximately 8.0 millimeters (mm) and a
thickness of about 1.0 mm at about x30 magnification.
[0025] FIG. 10 is a scanning electron picture showing a
lateral cross section of a sintered polypropylene material
having a width of approximately 8.0 millimeters (mm) and a
thickness of about 1.0 mm at about x100 magnification.
[0026] FIG. 11 is a scanning electron picture showing a
lateral cross section of a sintered polypropylene material
having a width of approximately 8.0 millimeters (mm) and a
thickness of about 1.0 mm at about x350 magnification.
[0027] FIG. 12 is a scanning electron picture showing a
lateral cross section of a sintered polypropylene material
having a width of approximately 8.0 millimeters (mm) and a
thickness of about 1.0 mm at about x200 magnification.
[0028] FIG. 13 is a scanning electron picture showing a
longitudinal cross section of a sintered polypropylene mate-
rial having a width of approximately 8.0 millimeters (mm)
and a thickness of about 1.0 mm at about x30 magnification.
[0029] FIG. 14 is a scanning electron picture showing a
longitudinal cross section of a sintered polypropylene mate-
rial having a width of approximately 8.0 millimeters (mm)
and a thickness of about 1.0 mm at about x100 magnification.
[0030] FIG. 15 is a scanning electron picture showing a
longitudinal cross section of a sintered polypropylene mate-
rial having a width of approximately 8.0 millimeters (mm)
and a thickness of about 1.0 mm at about x250 magnification.
[0031] FIG. 16 is a scanning electron picture showing a
longitudinal cross section of a sintered polypropylene mate-
rial having a width of approximately 8.0 millimeters (mm)
and a thickness of about 1.0 mm at about x350 magnification.
[0032] FIG. 17 shows porosity measurements of a selected
material, of sintered polypropylene, obtained using a mercury
porosity test.

[0033] FIG. 18 is a partial cross-section view of a tissue
sealant dispenser employing a modified distal end portion.
[0034] FIG. 19 is a partial cross-sectional view of another
embodiment of a tissue sealant dispenser set forth in the
present disclosure.

[0035] FIG. 20 is an enlarged cross-sectional view of the
distal portion of the dispenser shown in FIG. 19.

[0036] FIG. 21 is a cross section taken along line 21-21 of
FIG. 20 with a mixing portion removed.
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[0037] FIG. 22 is an enlarged side view, similar to FIG. 2,
but two mixers with no spacing between the mixers.

[0038] FIGS. 23-27 are enlarged side views, similar to FIG.
2, except showing a different mixer arrangement having two
mixers with different relative spacing between the mixers.
[0039] FIGS. 28-29 are side views, similar to FIG. 20,
except showing several different dispenser tips with two-
mixer arrangements having different relative spacing
between the mixers.

[0040] FIGS. 30-32 are side views, similar to FIG. 20,
except showing several different dispenser tips with mixer
arrangements having one, two or three mixers with no spacing
between the mixers.

[0041] FIG. 33 is a partial cross-sectional view of another
embodiment of a dispenser set forth in the present disclosure.
[0042] FIG. 34 is a partial cross-sectional view of a further
embodiment of a tissue sealant dispenser set forth in the
present disclosure.

[0043] FIG. 35 s atop view of a yet further embodiment of
a tissue sealant dispenser set forth in the present disclosure.

[0044] FIG. 36 is a cross section taken along line 36-36 of
FIG. 35.
[0045] FIG. 37 is atop view of amodified embodiment of a

tissue sealant dispenser having a single mixing device con-
nected to a dispensing device with a single container set forth
in the disclosure.

[0046] FIG. 38 is a cross section of the tissue sealant dis-
penser of FIG. 37.

[0047] FIG. 39 is an enlarged cross section of a portion of
the dispenser in FIG. 37, showing other portions removed.
[0048] FIG.401saside view of a portion of the dispenser in
FIG. 39 showing additional portions removed.

[0049] FIG. 41 is an side view of a modified mixing device
shown disconnected from a dispensing apparatus.

[0050] FIG. 42 is a cross section taken along 42-42 of FIG.
41.
[0051] FIG. 43 is a side view of another mixing device

shown disconnected from a dispensing apparatus.

[0052] FIG. 44 is a cross section taken along 44-44 of FIG.
43.
[0053] FIG.45isaside view of a portion of the dispenser in

FIG. 44 showing additional portions removed.

[0054] FIG. 46 is a right end view of FIG. 45.

[0055] FIG.47is atop view of an arrangement that includes
two dispensing devices connected by one of the mixing
devices shown in FIGS. 39-46.

[0056] FIG. 48 is a top view of an alternate arrangement
that includes two dispensing devices connected by one of the
mixing devices shown in FIGS. 39-46.

[0057] FIG.49isatop view ofyet another arrangement that
includes two dispensing devices connected by a different
mixing device.

[0058] FIG. 50 is a schematic view of a modified embodi-
ment, similar to FIG. 48, further including a reservoir for
receiving or storing the combined fluid stream for various
applications.

[0059] FIG. 51 is a plan view of a further embodiment set
forth in the present disclosure showing an infusion system
employing a mixing device.

[0060] FIG. 52 is an enlarged cross section of a portion of
the system of FIG. 50 with other portions shown removed.
[0061] FIGS. 53-54 graphically show the turbidimetry
measurements of different fibrin matrices employing differ-
ent dispensing apparatus.
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[0062] FIG. 55 shows the % crosslinking of alpha (o)
monomer chains in different fibrin mixtures for three differ-
ent groups, each group employing a different flow rate, 2
ml/min, 4 ml/min and 6 ml/min, and each group consisting of
results based on three different dispensing devices.

[0063] FIG. 56 shows electrophoretic patterns for ten dif-
ferent samples of fibrinogen or fibrin mixtures, which iden-
tifies the presence or absence of different constituent compo-
nents according to the molecular weight of such components.
[0064] FIG. 57-60 are graphs showing the amount of con-
stituent components present in respective samples of fibrino-
gen and three different fibrin mixtures each employing a
different dispensing apparatus.

[0065] FIG. 61 shows the % crosslinking of alpha (o)
monomer chains in different fibrin mixtures at different tem-
peratures—4° C., 18° C., 22° C.,37° C.

[0066] FIGS. 62-63 are graphs showing the degree of fluo-
rescence along a cross-section of tubing for a fibrin mixture,
respectively, of an apparatus without a mixer (in FIG. 62) and
an apparatus with at least one mixer (in FIG. 63).

[0067] FIGS. 64-65 are graphs showing a plot of perme-
ability K values, pressure values and viscosity values relative
to one another, based on Darcy’s Law, with the remaining
variable being held constant.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0068] In accordance with one embodiment of the present
invention, FIG. 1 illustrates a dispenser, generally indicated at
2, for mixing at least two components of a combined fluid
stream, such as a sealant, or tissue sealant or other combined
fluid stream. Although the dispensers, systems and methods
are generally illustrated and described in the context of a
tissue sealant dispenser, it is understood that the present
invention is not limited to such a dispenser or to the mixing of
tissue sealant components, and that the present invention has
applications in a variety of settings where mixing of compo-
nent fluid streams is desired.

[0069] AsshowninFIG.1,dispenser2 includes at leasttwo
fluid component sources, illustrated in the form of hollow
cylinders or barrels 6 and 8, although other source containers
from which fluid components are provided may be used. In
the embodiment of FIG. 1, each barrel has a generally cylin-
drical interior or bore in which one of the fluid components
such as fibrinogen or thrombin for forming fibrin tissue seal-
ant is stored. The distal end 7, 9, respectively, of each barrel
has an outlet port 11, 13, respectively, for communicating
with a dispensing tip structure, generally at 4.

[0070] In FIG. 1, the bore of each barrel 6, 8 preferably
slidably receives a piston or plunger 10, 12, respectively, for
ejecting the sealant component from the respective bore. A
plunger or pusher 14, 16 is associated with each piston and
extends proximally from each respective bore. A thumb-rest
18, 20 is preferably associated with each plunger 14, 16 and
may be actuated or pushed manually or automatically to eject
the component. The thumb-rests 18, 20 may be actuated
either independently or simultaneously, such as by a common
actuator or yoke that couples the plungers together for simul-
taneous movement.

[0071] As shown in FIG. 1, the illustrated tip assembly or
structure is a multi-part assembly and includes a flow director
26. The flow director 26 has a proximal end 22 and a distal end
24 and defines respective first and second passageways 28 and
30. Each passageway 28, 30 communicates with a respective
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bore of the barrels 6, 8 to allow the respective component to
exit the distal end 24. As shown in FIG. 1, the inlet to each
passageway 28 and 30 is suitable for attachment to one of the
outlets from barrels to 6, 8 such as, for example, by a luer
fitting or other attachments as will be apparent to persons of
skill in the relevant field.

[0072] Although manually actuated plungers are illustrated
for dispensing the fluid components, other types of devices
may be used in connection with the present invention includ-
ing manually or electrically actuated dispensers. Further, as
noted above, it is contemplated that the present invention is
not limited to dispensers for sealant and may be used to
combine two or more components for other combined fluid
streams for other applications within or outside of the medical
field.

[0073] InFIG. 1, each of the first and second passageways
28, 30 communicates with one of the components as a sepa-
rate fluid stream until such streams approach or are at the
distal end 24. As shown in FIG. 1, the first and second pas-
sageways 28, 30 may be non-parallel and non-intersecting
relative to one another such that they direct each component
stream into a combined third passageway 32 at an angle that
may assist combination of the two streams. For example, as
shown in FIG. 1, the passageways are separate (with one
passageway 28 or 30 being located offset and non-intersect-
ing to the other) until the streams exit their respective pas-
sageways. In FIG. 1, the exiting streams are initially directed
away from each other, towards opposed inner surfaces of the
third passageway 32 which will deflect the separate stream
and cause them to converge. The flow of the fluid component
streams in the third passageway 32 downstream of the distal
end 24 may be turbulent or otherwise provide fluid flow
conditions which result in some mixing of the exiting streams
of fluid components in this region.

[0074] In FIGS. 5-8, each figure includes an alternative
orientation for the component passageways of the flow direc-
tor, although other orientations may be used. The alternative
dispensing devices 50, 60 and 70, respectively in FIGS. 5 and
8, show a straight and parallel orientation, where the fluid
component streams exit the flow director along generally
parallel paths. FIG. 6 shows non-parallel and non-intersect-
ing flow paths similar to that of FIG. 1. FIG. 7 shows right-
angled parallel flow paths at the distal end of the device (with
one passageway located in front of the other and only one
passageway being shown in FIG. 7). Other orientations are
also possible.

[0075] As described above, and further shown in FIGS. 1-4,
athird passageway 32 communicates with the first and second
passageways 28, 30. A distal-most dispensing end 34 of the
third passageway 32 provides for exiting of the mixed com-
ponent stream and may include an orifice of any desired shape
or a dispensing structure such as a tubing segment, cannula,
spraying device, spray head or other types of dispensing
devices, depending on the desired form in which the com-
bined mixture is to be applied and/or the work surface.

[0076] In accordance with the present invention, a mixer,
generally indicated at 36, is positioned upstream of the dis-
pensing end 34 of the third passageway 32 for mixing of the
component streams. As the component streams flow through
the mixer 36, they are mixed together to provide a thorough
mixing of two or more components to create a substantially
homogeneous combined fluid stream that is dispensed from
the dispensing end 34.
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[0077] The mixer 36 described herein is preferably formed
of'a three-dimensional lattice or matrix that defines a plurality
of tortuous interconnected passageways through the mixer.
As a result of this structure, the component fluid streams are
intimately mixed together as they pass through the mixer. The
mixer 36 may provide for a laminar flow of the fluid compo-
nent streams to enhance mixing between the fluid component
streams, or otherwise provide fluid flow conditions which
preferably promote significant mixing of the fluid component
streams.

[0078] One preferred material for the mixer is illustrated in
cross-sections in FIGS. 9-16. The material shown there is
polymeric material formed by sintering to define an integral
porous structure. The lattice or matrix of polymeric material
forms a plurality of essentially randomly-shaped, tortuous
interconnected passageways through the mixer. The material
of the mixer 36 may be selected, for example, from one or
more of the following: Polyethylene (PE), High Density
Polyethylene (HDPE), Polypropylene (PP), Ultra High
Molecular Weight Polyethylene (UHMWPE), Nylon, Poly-
tetra Fluoro Ethylene (PTFE), PVAF, Polyester, Cyclic Olefin
Copolymer (COC), Thermoplastic Elastomers (TPE) includ-
ing EVA, Polyethyl Ether Ketone (PEEK), polymer materials
other than polyethylene or polypropylene or other similar
materials. The mixer 36 may also be made of a polymer
material that contains an active powdered material such as
carbon granules or calcium phosphate granules with absorbed
molecules. Other types of materials are also possible. A sin-
tered polypropylene material suitable for the present inven-
tion may be available from commercial sources, such as from
Bio-Rad Laboratories, Richmond, Calif., United States,
Porex Porous Products Group of Porex Manufacturing, Fair-
burn, Ga., United States, Porvair Technology, a Division of
Porvair Filtration Group Ltd., of Wrexham, United Kingdom,
including Porvair Vyon Porvent, PPF or PPHP materials, or
MicroPore Plastics, Inc., of 5357 Royal Woods, Parkway,
Tucker, Ga. 30084, http://www.microporeplastics.com/.

[0079] Other materials that may be sintered to define an
integral porous structure may include glasses, ceramics, and
metals. In regard to metals, materials such as bronze, stainless
steel, nickel, titanium, and related alloys may be used. Par-
ticular examples may include stainless steels, such as 3161,
304L,310,347,and 430, nickel alloys, such as HASTELLOY
C-276, C-22, X, N, B, and B2 (HASTELLOY being a regis-
tered trademark of Haynes International, Inc. of Kokomo,
Ind.), INCONEL 600, 625, 690, MONEL 400 (INCONEL
and MONEL being registered trademarks of Huntington
Alloys Corp of Huntington, W. Va.), Nickel 200 and Alloy 20,
and titanium. Sintered metal materials suitable for use in the
mixers and mixing methods of the present disclosure may be
available from commercial sources, such as from Porvair
Technology, a Division of Porvair Filtration Group Ltd., of
Wrexham, United Kingdom (including BRM bronze materi-
als) and Mott Corporation, of Farmington, Conn. (including
stainless steels, nickel alloys (HASTEALLOY, INCONEL,
MONEL, Nickel 200, Alloy 20) and titanium).

[0080] Itis also possible that the mixer 36 may be made of
one or more materials having one or more characteristics that
may assist mixing of the component streams. By way of
example and not limitation, the material may be hydrophilic,
which is material that essentially absorbs or binds with water,
hydrophobic, a material which is essentially incapable of
dissolving in water, oleophobic, a material which is essen-
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tially resistance to absorption of oils and the like, and/or have
other characteristics that may be desired to enhance mixing of
the components.

[0081] As noted above, the mixer 36 preferably is made in
whole or in part of a three-dimensional lattice or matrix that
defines a plurality of tortuous, interconnecting passages
therethrough. In FIGS. 9-16, the streams of the components
may pass through the illustrated three-dimensional lattice or
matrix that defines a plurality of tortuous, interconnecting
passages so that the component streams are thoroughly mixed
to create an essentially homogeneous combined fluid stream.
At FIGS. 9-12, scanning electron pictures show lateral sec-
tions respectively at about x30, x100, x350 and x200 mag-
nifications for a sintered polypropylene material having a
width of approximately 8.0 millimeters (mm) and a thickness
of'about 1.0 mm. At FIGS. 13-16, scanning electron pictures
show a longitudinal section respectively at about x30, x100,
%250 and x350 magnifications for the same material shown in
FIGS. 9-12, illustrating other views of the three-dimensional
lattice. As shown in FIGS. 9-16, the illustrated passages pref-
erably intersect at one or more random locations throughout
the mixer such that the two component streams are randomly
combined at such locations as such streams flow through the
mixer. It should be understood that the three-dimensional
lattice or matrix may be formed in a variety of ways and is not
limited to the random structure of a sintered polymeric mate-
rial as shown in FIGS. 9-16.

[0082] The illustrated mixer 36 in FIGS. 1-4 is made of a
porous material and may have varying porosity depending on
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the desired application and/or work surface. By way of
example and not limitation, the porosity of a material that
may be employed for mixing fibrin components may be
between about 20% and 60%, preferably between about 20%
to 50% and more preferably between about 20% and 40%.

[0083] At FIG. 17, porosity measurements of a selected
material, manufactured by Bio-Rad Laboratories, are shown
as obtained using a mercury porosity test on an Autopore 111
apparatus, a product manufactured by Micromeritics of Nor-
cross, Ga. It may also be possible to determine the porosity of
a selected material in other ways or using other tests. At FIG.
17, such porosity measurements show the total volume of
mercury intrusion into a material sample to provide a porosity
of about 33%, an apparent density of about 0.66 and an
average pore diameter of about 64.75 microns. Materials with
other porosities also may be employed for mixing fibrin or for
mixing combined fluid streams other than fibrin, as depend-
ing on the desired application.

[0084] Also, the mean pore size range of the mixer may
vary. In the three-dimensional lattice shown in FIGS. 9-16,
the mixer 36 may define a plurality a pores that define at least
a portion of the flow paths through which the streams of the
components flow. The range of mean pore sizes may be
selected to avoid undue resistance to fluid flow of such com-
ponent streams. Further, the mean pore size range may vary
depending on several factors including those discussed above
relative to porosity. Several mean pore size ranges for differ-
ent materials for the mixer are shown in Table 1, except at no.
16 which includes a “control” example that lacks a mixer.

TABLE 1

PART III: Evaluation of single porous disks Materials from Porvent and Porex

Sample Mean Pore
D Type Form Property Size Thickness ~ Mixing
2 PE sheet Hydrophobic 5-55 pm 2.0 mm good
21 PP sheet Hydrophobic ~ 15->300 ym 2.0 mm good
6 PE sheet Hydrophobic 20-60 pm 3.0 mm Good
19 PP sheet Hydrophobic 70-210 pm 1.5 mm Good
22 PP sheet Hydrophobic 70-140 pm 3.0 mm Good
24 PP sheet Hydrophobic ~ 125-175 um 3.0 mm Good
1 Hydrophobic 7-12 pm  1.5mm  no fibrin
extrusion
8 PE sheet Hydrophobic 40-90 pm 1.5 mm Good
7 PE sheet Hydrophobic 20-60 pm 1.5 mm Good
9 PE sheet Hydrophobic 20-60 pm 3.0 mm Good
16 PE sheet Hydrophobic 40-100 pm 1.5 mm Good
18 PE sheet Hydrophobic 40-100 pm 3.0 mm Good
20 PE sheet Hydrophobic 80-130 ym 3.0 mm Good
14 PE sheet Hydrophobic 20-60 pm 1.5 mm Good
17 PE sheet Hydrophobic 80-130 pym 1.5 mm Good
26 Control — — — — —
27 PP sheet Hydrophobic 7-145 pm 1.5 mm Good
the application. Such porous material preferably has a poros- [0085] Table 1 includes several commercial sintered poly-

ity that allows the streams of the components to pass through
to create a thoroughly-mixed combined fluid stream. The
porosity of a material may be expressed as a percentage ratio
of the void volume to the total volume of the material. The
porosity of a material may be selected depending on several
factors including but not limited to the material employed and
its resistance to fluid flow (creation of excessive back pressure
due to flow resistance should normally be avoided), the vis-
cosity and other characteristics and number of mixing com-
ponents employed, the quality of mixing that is desired, and

ethylene (PE) or polypropylene (PP) materials manufactured
by Porex or by Porvair under the tradename Porvent or Vyon.
The table summarizes the mixing results achieved from each
material based on quality of fibrin obtained after fibrinogen
and thrombin (4 International Units (IU)/ml) passed through
adevice having a single mixer such as shown in FIG. 1, except
for one experiment (at ID 26) which is the control and lacks
any mixer. The indicated mean pore size ranges vary between
about 5 and 300 microns. In Table 1, the ranges for materials
nos. 2,21, 6, 19, 22, 24, 8-9, 16, 18, 20, 14, 17, and 27 each
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generally indicate good mixing quality for fibrin. In Table 1,
such mean pore size ranges are not intended to be exhaustive
and other mean pore size ranges are also possible and useful
for mixing. The mean pore size ranges indicated in Table 1
were obtained from the technical data sheets of the listed
materials provided by the suppliers Porvair and Porex.

[0086] The mixer may be further configured and sized so as
to provide sufficiently thorough mixing of the streams of the
components. The size of the mixer may vary depending on
such factors which include the size and/or configuration of the
dispenser, the mixer porosity and mean pore size, the mixer
material employed, the desired degree of mixing, the mixing
components, and/or the desired application. For a mixer hav-
ing the above discussed example ranges for porosity and
mean pore sizes, the mixer thickness may range between
about 1.5 mm and 3.0 mm, as indicated in Table 1. Other
thicknesses are also possible including a variable or non-
uniform thickness.

[0087] Also, the shape and configuration of the mixer may
vary from the generally circular cross section or disk shape
that is shown in FIGS. 1-4. It is possible that the mixer may
have other shapes or configurations including but not limited
to elliptical, oblong, quadrilateral or other shapes. In the
embodiment shown in FIG. 1-4, the mixer radius may range
between about 3 mm and 5 mm although other dimensions are
also possible.

[0088] As shown in FIG. 1, the mixer 36 is preferably
positioned downstream of the distal end 24, at about a length
L from where the separate component streams are initially
allowed to flow together, although it may also be positioned
where the streams join. It is contemplated that the distance L
may vary depending on the design requirements and extent of
mixing that is required. By way of example, in a handheld
dispenser of type shown in FIGS. 1-4 for use in fibrin delivery,
the distance [ may range between about 0 and 6 mm or more,
preferably, between about 1 and 6 mm. Generally speaking,
the homogeneity of fibrin created by the illustrated mixer
decreases with a decrease in the distance L, such as 4 mm and
less by employing the dispenser type shown in FIGS. 1-4.
More preferably, a distance L. of between about 5 and 6 mm is
preferred for the embodiment shown in FIG. 1-4 although
other distances are also possible. It is contemplated that other
designs may be employed than the described Y-shaped pas-
sageway structure that is shown and/or other physical param-
eters may be employed for such structure such as, other diam-
eters, lengths, number of passageways and/or passageway
orientations, such as shown in FIGS. 5-8, so that the value of
distance L. may have a different range than described above
and is not limited to the above ranges.

[0089] Also, the mixer may be manufactured in various
ways which may depend on the desired shape, thickness
and/or other characteristics of the material or materials that is
employed for the mixer. By way of example and not limita-
tion, the mixer may be fabricated or sectioned from one or
more pieces of material having a desired size, thickness and/
or other characteristics for the mixer. Alternatively, the mixer
may be prefabricated including one or more molding pro-
cesses to form a mixer having a desired size, thickness and/or
other characteristics. It is also possible that the mixer may be
manufactured in other ways. The mixer may be preassembled
as part of a cannula, needle of the cannula, luer, spray tip,
tube, or other device, such as by molding ultrasonic welding,
mechanical fittings or other attachment techniques. By way of
example and not limitation, FIG. 18 shows a mixer 80, similar
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to the mixer 36 of FIG. 1 that is located within a cannula-type
device 82. Alternatively, the mixer may be assembled by the
user as part of a suitable device prior to use although other
uses may also be employed.

[0090] The material for the mixer may be characterized and
selected for a given application based on one or more physical
characteristics so as to provide a sufficiently and relatively
homogeneous combined fluid stream downstream of the
mixer and upon passing the component streams through the
mixer. By way of example, Table 2 illustrates various sintered
polymer materials for the mixers suitable for use in the dis-
pensers systems and methods described herein, and their
physical characteristics. The specific materials identified in
Table 2 are manufactured by, for example, Porvair Filtration
Group Ltd. (Hampshire, United Kingdom) or Porex Corpo-
ration (Fairburn, Ga., USA). The data represented in this table
includes the K value from Darcy’s Law, as indicated in the
following equation:

O=(K*S*AP)/(n*L)

[0091] where Q is the Flow rate of fluid flow through the
material;

[0092] S is the surface area of the material;

[0093] AP is the change in pressure between the upstream

and downstream locations of the material,

[0094] L is the thickness of the material; and

[0095] m is the viscosity of the fluid flowing through the
material, or if more than one fluid is flowing the viscosity of
the more viscous component.

[0096] The K wvalues typically represent a permeability
value and are represented in Table 2 based on increasing K
value, expressed in units of pm?s which represents increasing
values of permeability. Table 2 also summarizes several
physical characteristics of the material including the relative
values for minimum pore size (min.) mean flow pore size,
maximum pore size (max.), average bubble point (or pressure
that causes the liquid to create air bubbles), thickness, and
porosity. The physical characteristics of each of the materials
in Table 2 were obtained based on testing using methods
known to those of skill in the art.

[0097] By way of example and not limitation, the K values
in Table 2 were obtained by permeability testing using water
passed through the listed materials having the indicated
physical characteristics. The permeability test was helpful to
characterize materials based on their K value and, these mate-
rials are listed in order of increasing K value in Table 2. For
the measurement of permeability, the materials employed
included sintered porous material sheet supplied by Porvair
and Porex. The permeability test was performed on a syringe
that was filled with water. The pressure reducer was turned off
and all connections downstream of the syringe were opened.
Then water was allowed to flow through the syringe until the
pressure drop between top and bottom of the syringe was
about zero. The pressure reducer was then switched on and
compressed air was injected to push water from the syringe at
a constant flow rate. The volume of injected air was deter-
mined based on monitoring the flow of water between upper
and lower volumetric markings on the syringe. As soon as the
water meniscus crossed the upper mark, the time and pressure
were recorded (P1). When the water meniscus crossed the
lower mark on the syringe body, the total time (t), pressure
(P2) and volume of water (V) were recorded. In addition to
the known values of P1, P2, t and V, the remaining recorded.
In addition to the known values of P1, P2, t and V, the remain-
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ing parameters for the calculation of permeability that were value, the permeability or K value may known according to
known include: Diameter of sintered material disc is about 10 the illustrated curve. Even if only one of the permeability,
mm, the thickness is about 1.5 mm, the surface of sintered pressure or viscosity value is constant, the curve provides an
material disc is about 78.54 mm?, the Dynamic viscosity of indication of the other two values, which may vary along the
water 107> Pascal second (Pa-s). This test was used to deter- illustrated curve, due to their relationship to each other based
mine the K values in Table 2. on Darcy’s Law, described above.
TABLE 2
Porosity
Permeability Mean Flow
Sample K"pm"  Min. Pore Max Avg. Bubble Pt.  Thick Porosity
1 0.55 3 5 7 13 1.5 45
2 141 4.0-7.0 17-22 50-60 50-70 2 27
3 193 5080  8.0-12 12.0-18.0 15-25 2 44
4 341 4.0-7.0 17-22 50-60 50-70 2 27
5 376 4.0-7.0 17-22 50-60 50-70 2 27
6 472 6 16 36 47 3 42
7 5.08 9 23 49 57 1.5 48
8 5.81 10 36 88 101 1.5 39
9 6.18 7 21 45 52 3 45
10 648  6.0-9.0 35-45 130-160 101-130 1.5 39
11 6.55  6.0-9.0 35-45 130-160 101-130 1.5 39
12 6.67 7.0-11 30-40 85-105 60-80 1.68 39
13 714 6.0-9.0 35-45 130-160 101-130 1.5 39
14 7.14 9 28 64 67 1.5 49
15 732 7.0-11 25-35 68-88 55-75 2 35
16 7.89 14 43 119 108 1.5 51
17 10.90 13 65 300 183 1.5 56
18 10.99 9 32 70 85 3 46
19 12.30 11 80 300 207 1.5 50
20 12.57 10 51 140 129 3 48
21 14.09  13-17 80-100 300 180-210 2 51
22 15.02 10 61 217 163 3 46
23 15.64
24 16.49 12 81 300 227 1.5 42
25 25.23 15 298 300 TP 49
[0098] As described herein, it is contemplated that other
liquids, gases and solids may be used to determine a K value TABLE 3
from Darcy’s Law for these materials or other materials. It is - P e PV 1000 .
realized that different liquids, gases and solids will change the ampe '
viscosity value (n) of Darcy’s Law and, as such, will provide 1 3.375 0.55
different K values or ranges for a given set of physical prop- 3 8.8 1.93
. . . 2 10.53 141
erties (thickness L. and surface area S) of the material, flow 4 10.53 341
rate Q and pressure difference AP that may be employed. 5 10.53 3.76
Further, even where the same liquid, gas or solid is used, such 7 16.56 5.08
that the viscosity is held constant, other parameters may be 12 58';2 ‘;Zi
varied to achieve different K values. By way of example and 5 51 732
not limitation, any one or more of the flow rate, surface area, 8 21.06 5.81
thickness, and/or pressure difference may be varied and, as 12 22.932 6.67
such, vary the resulting K value that is determined. }? ;g 'i 2"51?
[0099] Turning briefly to FIGS. 64-65, a three-dimensional 13 234 7.14
curve shows the permeability or K values along one axis, 9 28.35 6.18
pressure values along a second axis and viscosity values }g ii'f? 13'33
along a third axis (Wit.h. FIG. 65 identical to FIG. 64, except 24 51.03 16.49
the axes of permeability and pressure have been rotated 17 54.6 109
clockwise to better show the curve). Generally speaking, the 19 60 12.3
illustrated curve is applicable to any liquid, gas or solid that ;g gi"fg gg;
may be employed for permeability testing ofa giyep me.lterial. 21 918 14.09
By way of example, FIGS. 64-65 show the variation in per- 25 438.06 2523
meability or K values, pressure values and viscosity, assum-
ing other parameters of Darcy’s Law, such as surface area S,
flow rate Q and material thickness L are held constant. As [0100] At Table 3, the K values of the materials listed at

indicated in FIGS. 64-65, for a given viscosity and pressure

Table are represented. By way of example and not limitation,
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good, homogeneous mixing of a combined fibrinogen and
thrombin mixture has been observed using mixer or disk
made of a material having a K value from Tables 2-3 between
approximately 5 and 17. In addition, Table 3 includes a
numerical product of the mean flow pore size (MFP), thick-
ness and porosity volume (PV) multiplied by 1000 (based on
increasing value of this product). It has also been observed
that using a mixer having a MFP*thickness*PV*1000 value,
within the range of about 16 to 55 achieves good, homoge-
neous mixing of fibrin. The mixer material may also be
selected based on one or more of the above physical charac-
teristics or other characteristics. As discussed above, the per-
meability or K values may vary from those discussed above in
Tables 2-3, for example, where a liquid other than water is
used, or where a gas and solid may be employed for the
permeability testing or where different physical characteris-
tics or parameters are employed. In such instances, it is con-
templated that an appropriate range of K values will be deter-
mined and the material of the mixer may be appropriately
selected based on a range of K values that is determined to
provide sufficient quality of mixing. Also the K values may
differ due to the technique utilized in measuring the value.

[0101] Additionally, three commercial sintered bronze
materials manufactured by Porvair under the tradename
BRM have been tested using methods known to those of skill
in the art to develop physical characteristic data similar to that
presented in Tables 2 and 3. Bronze materials are believed to
be better suited for higher flow rate (for example, on the order
of one liter/second), higher pressure (for example, in excess
of 1 Bar) applications, such as may occur in industrial pro-
cesses. BRM 30 has a range of pore sizes from 9 um to 135
pm, BRM 40 has a range of pore sizes from 12 pm to 300 pm,
and BRM 60 has a range of pore sizes from 20 um to above
300 pm. The mean flow pore sizes are 38 pm, 58 um, and 100
um for the BRM 30, BRM 40, and BRM 60 materials, respec-
tively. Furthermore, the K values for these materials were
26.99, 46.19, and 65.94 for the BRM 30, BRM 40 and BRM
60 materials, respectively. While all three materials exhibit
generally good mixing properties, the BRM 60 material has
been used in the examples below.

[0102] FIGS. 19-21 illustrate another embodiment of the
present invention which includes a tissue sealant dispenser,
generally indicated at 102. Similar to the dispenser 2 shown in
FIGS. 1-4, the dispenser 102 in FIGS. 19-21 includes a pair of
hollow barrel or tubes 106, 108, pistons 110, 112, plungers
114,116 and thumb rests 118, 120, and flow director 126. The
flow director 124 has a distal end 124, and first, second and
third passageways 128, 130 and 132. As shown in FIG. 21, the
respective openings A, B of the first and second passageways
128, 130 are positioned so as to assist combination of the two
separate streams as they exit the distal end 124, as described
above. More specifically, in FIGS. 19-21, the outlets are
located in offset relationship and direct fluid flow outwardly
toward the wall of tubing 132, although other locations and/or
orientations may be used.

[0103] Referring to FIG. 19, the dispenser preferably has
two or more mixers for enhanced mixing and preferably two,
or first and second mixers 136A and 136B. In FIG. 19, such
mixers 136A and 136B are located upstream of a dispensing
end 134 and in spaced-apart series relationship, spaced from
each other at a distance V along the passageway 132. Gener-
ally speaking, the homogeneity or quality of mixing of fibrin
increases with an increase in the number of mixers, such as for
two mixers, although any number of mixer may be used.
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[0104] The passageway 132 may be of one-piece construc-
tion or comprised of separate portions or tubing segments
132A, 132B and 132C, with the mixers 136A, 136B located
between the segments 132A, 132B and 132C, as shown in
FIG. 19, so as to ensure the desired spacing between the
mixers 136A, 136B, between the upstream mixer 136 A and
the distal end 124, and between the downstream mixer 1368
and the dispensing end 134. An outer housing 138 may be
sized to tightly overfit the tubing segments 132A, 132B and
132C and the mixers 136A and 136B for supporting and
aligning the mixers 136A, 136B and tubing segments 132A,
132B, 132C.

[0105] ThedistanceV between the mixers 136 A, 136B may
be varied between about 0 mm, in which the mixers are
adjacent to each other, and 6 mm or more. FIGS. 22-27
illustrates some different possible spacing distances between
the mixers 136 A, 136B. The distance V between two mixers
136A, 136B is shown at about 0 mm, 1 mm, 2 mm, 3 mm, 4
mm and 5 mm (as respectively indicated by FIGS. 22-27).
Generally speaking, when employed in a tissue sealant appli-
cation, it has been found that the presence of fibrin between
the two mixers increases when the distance V between them
increases. A distance V of about 3 mm and above in the
illustrated embodiment has resulted in good fibrin formation
to form a combined fluid stream having sufficient homoge-
neity. As discussed above, the length L. upstream of the first
mixer may also be selected between about 0 mm to 6 mm or
more. For example, if two mixers are used having the above
discussed size range, one combination may include a distance
V between the mixers 136A, 1368 of about 4 mm or less and
a length L between the upstream mixer 136A and the distal
end 124 of about 6 mm or less, so as to minimize fibrin
formation on either side of the mixers 136A, 1368 and/or
clogging of the pores of the mixers 136 A, 136B. Other varia-
tions or combinations of distances V and lengths L are also
possible. As previously discussed above for the value L, the
value V may also vary based on different designs and/or the
different parameters that are employed in such design and so
the value V is not limited to the above discussed values or
ranges.

[0106] The mixing and dispensing systems described
herein may provide for a “Stop and Go” device or process, in
which the flow of fluid component streams are intermittently
started and stopped. For such “Stop and Go” device or pro-
cess, the length [ and/or the distance V preferably should not
generate significant fibrin formation on the mixer or mixers or
between the mixers if more than one mixer is employed. For
a “Stop and Go” device employing at least two mixers, the
length L and the distance V may vary. By way of example and
not limitation, for a two mixer device, a length L. of about 3
mm and a distance V of about 4 mm may achieve sufficiently
thorough mixing as well as avoid significant generation of
fibrin on or between the two mixers. Other variations of the
length L and the distance V are also possible from those
discussed and may be employed, depending on the desired
application and/or other designs and parameters that may be
employed.

[0107] FIGS. 28-29, show two mixers, with a distance V at
about 2 mm and 3 mm, respectively, therebetween, and a
length L at about 6 mm. Any reasonable number of mixers is
also possible to enhance mixing provided flow is not unduly
restricted. Also FIGS. 30-32, respectively show mixer
arrangements with one mixer 136A, two mixers 136A and
1368 and three mixers 136A, 136B and 136C without any



US 2009/0038701 Al

distance or spacing (V) therebetween and with a length L of
about 6 mm. Where more than one mixer is used, the mixers
do not have to have the same characteristics, such as porosity,
mean pore size or length as describe above. It may be desir-
ableto varying the characteristics of the mixers to increase the
thoroughness of mixing as the fluid streams pass through the
dispenser.

[0108] In FIG. 33, a further embodiment of the present
invention includes a dispenser, generally indicated at 202.
Similar to previously described embodiments, the dispenser
202 includes a pair of hollow barrels or tubes 206, 208,
pistons 210 and 212, plungers 214 and 216, thumb rests 218,
220 and a flow director 226. A proximal end 222 of the
dispenser 202 provides a common actuator, which joins the
proximal ends of the plungers 214 and 216 together at the end
222, for simultaneously ejecting the components from a distal
end 224. The distal end 224 defines separate passageways 228
and 230 for separately ejecting the respective components
into a third passageway 232 in which a single mixer 236 is
located upstream of a dispensing end 234 and is positioned
downstream of the distal end 224 at a length L. As noted
above, other variations are possible including variations in the
number of mixers and the length L.

[0109] InFIG.33,afourth passageway 240 is defined in the
distal end 224 and is adapted for fluid communication with a
source of sterile gas, such as air which communicates with the
distal end via tubing (such as tubing as shown in FIG. 10 at
342). The source of gas may be actuated by pneumatic,
mechanical, electrical and/or some combination thereof, such
as described and shown in U.S. patent application Ser. No.
11/331,243 filed Jan. 12, 2006, which is incorporated herein
by reference.

[0110] InFIG. 33, such dispenser 202 operates similarly to
the dispenser 2 as described in FIGS. 1-4 except that the two
components may be ejected from the device with the assis-
tance of gas to provide a mixed gas and component fluid
stream from the distal end 234 of the dispenser 202. It is also
possible for the passageway 240 to introduce gas or water for
cleaning the passageways of the mixer and/or the dispensing
end 234 and/or other tubing or cannula structures located
downstream, which may facilitate operation of a stop & go
device during intermittent starting and stopping of fluid flow.
[0111] In FIG. 34, a modified dispenser, generally indi-
cated at 302, includes identical parts as discussed above with
respect to FIG. 33, except that the third passageway 332
includes two mixing devices 336A, 336B positioned in
spaced-apart series upstream of a dispensing end 334. In
accordance with aspects of the invention previously
described, variations are possible for a length L. between the
upstream mixer 336 A and the distal end 324 and a distance V
between the upstream and downstream mixers 336A and
336B.

[0112] Other modifications are also possible. For example,
the gas-assisted spray dispensers shown in FIGS. 33-34, or
any of the above embodiments, may be modified to include
various alternative orientations for the component passage-
ways, such as and not limited to the orientations shown in
FIGS. 5-8. For example, a modified dispenser may provide
parallel component passageways for separate components
fluid streams, such as using a catheter or other similar struc-
ture, having a desired length, such as for use as part of a
laparoscopic spray device or other minimally invasive surgi-
cal instrument and/or procedure. If gas-assist is employed,
the gas fluid stream may be located either upstream or down-
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stream of the mixer, and/or upstream or downstream of the
location where the fluid component stream are joined. Other
variations from the above discussed modifications are also
possible.

[0113] FIGS. 35-36 shows another dispenser, generally
indicated at 402, which includes similar parts as discussed
above with respect to FIG. 1, 19, 33 or 34 except that the
device may employ a spray head 438, which includes a
mechanical break up unit known as MBU that allows the
components (such as fibrinogen and thrombin), to be sprayed
with air and/or water and which is shown and described in
U.S. Pat. No. 6,835,186, which is incorporated by reference
herein. As discussed above with respect to other embodi-
ments, the connector 438 in FIG. 35 may employ one or more
mixing devices 436 located in the passageway 432 in which
the fibrinogen or thrombin are combined. The air and/or water
may be introduced into the combined stream either upstream
or downstream of such mixing.

[0114] In accordance with another aspect of the present
invention, FIGS. 37-40 show a connector, generally indicated
at 500, that includes a mixing device 502 located therein. In
FIG. 37, the connector 500 may be located in fluid commu-
nication with a dispensing device, such as a single or multi-
barrel dispensing device, as previously described herein
although other devices are also possible. As shown in FIG. 37,
the connector is provided at the distal end of a collecting/
dispensing device 504 having a single container, which
device may, for example, be located downstream of the dis-
pensing device in FIGS. 1-4 for storing or collecting the
sufficiently mixed components after they have passed through
the mixer. Other arrangements are also possible and are not
limited to the devices shown and described.

[0115] As indicated in previous embodiments, the mixing
devices 502 may be located in spaced relation to each other
and located in series. The connector 500 also includes first
and second ends, 506 and 508, respectively, which, as shown
in FIGS. 39-40, may be respectively associated with a male
and/or female luer locking feature for connection to the dis-
pensing device 504, as shown, and/or other dispensing
devices. In FIGS. 39-40, the connector in 500 includes a
sleeve 510 which defines a fluid passageway 512 defined
therein that receives the mixing devices. The sleeve 510 may
include grooves 514 defined on the interior surface of the
sleeve to receive a portion of an extension 516 that defines a
channel or tubing in fluid communication with the device
504. The grooves may, for example, receive projections 518
defined in the extension 516 which may be inserted by rotat-
ing the projections along the curved profile of the grooves 514
(as shown in FIG. 514) to provide a luer lock type connection.
It is possible that either end of the connector 500 may provide
other shapes, configurations and/or types of connections that
may prevent inadvertent disconnect of the fluid passageways,
as may be desired, and, as such, are not limited to the con-
nections shown and described.

[0116] FIGS. 41 and 42 show an alternate connector 600
having a single mixing device 602 located in a fluid passage-
way 604 defined in the connector 600. The connector 600
includes first and second ends 606 and 608, respectively,
which may provide two female luer locks that may be
attached to a dispensing device, such as a syringe or other
device at each side of the connector.

[0117] FIGS. 43-46 show yet another modified connector
700, which employs two mixing devices 702 that are posi-
tioned in series within a fluid passageway 704 defined in the
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connector. As shown in FIG. 44, the connector 700 includes a
first and second ends 706 and 708, which may respectively be
associated with a female and male luer locking feature. The
connector may be comprised of one or more tubing sections
710,712, and 714, as shown in F1G. 44-46, which are attached
together, for example, by mechanical connection or by ultra-
sonic welding. For example, the interior surface of the tubing
section 710 includes a lock system to attach to the tubing
section 706 and a respective end 714 of the tubing section 710
may allow for a locking connection between the tubing sec-
tion 706 with a cannula, needle, syringe or other device.
Generally speaking, it is preferred for the connector to have a
lIuer lock feature where employed in medical applications
although other connections are possible for other applica-
tions.

[0118] In accordance with a further aspect of the present
invention, a method provides for mixing at least two separate
streams of components, such as for example, sealant compo-
nents. The method may be performed by providing a mixer
such as at least one mixer 36, 236 or more than one mixer
136A, 136B, 336A, 3368, which includes a three-dimen-
sional lattice or matrix that defines a plurality of tortuous,
interconnecting passages therethrough, such as in any of the
above-described embodiments. The method further provides
for passing the at least two separate streams of components
such as sealant components through the mixer.

[0119] As noted above, the method may be performed with
atleast one mixer or a plurality of mixers, such as two or more
mixers positioned in series, either adjacent or spaced from
one another. The method may also be repeated a plurality of
times such that the flow of the two streams may be stopped
and then the flow of the streams may be restarted so that the
streams pass through the mixer with minimal clogging of
such mixer.

[0120] During operation of the dispensers 2, 102, 202, 302,
402 in FIGS. 1-21, 33-35 two separate streams flow through
the respective first and second passageways 28, 30, 128, 130,
228, 230 (only one passageway 330 being shown in FIG. 34)
to the third passageway 32,132, 232,332, 432. As the streams
flow through the three-dimensional lattice that defines the
tortuous, interconnecting passages in the single mixer 36,
236, 436 or the mixers in series 136A, 1368, 336A, 3368 the
streams are mixed into an essentially homogeneous com-
bined fluid stream.

[0121] By way of example, FIG. 47 shows a method for
providing mixing of at least two separate components
employing a connector 800, such as any of those described
above having at least one mixer, which connector may be
attached at one end to a device 802 having two separate
containers 806 and 808, respectively, and attached at its other
end to a dispenser 804. As noted above, the components may
be allowed to flow from the separate containers 806 and 808
through corresponding separate passageways 810 and 812 to
a combined passageway 814 which extends to the connector
800. The mixture of the components flows through the con-
nector 800 having at least mixer positioned therein to a pas-
sageway 816 of the dispenser attached to the opposite side of
the connector 800 for dispensing as desired.

[0122] Turning to FIG. 48, another embodiment of a mix-
ing/dispensing system is shown. As seen in FIG. 48, a mixing
device 900 is located between two containers, (e.g., dispens-
ers) each holding a fluid (liquid or gas). The portion of the
combined device that holds mixing device 900 can be inte-
grated with one of the dispensers or be a connector, with at

Feb. 12, 2009

least one mixer 901 located therein. Such connector is shown
having first and second ends 902 and 904, each connected to
a dispenser 906 and 908, respectively, having a single con-
tainer 910 and 912. By way of example and not limitation, the
present invention provides a method for mixing at least two
separate streams of fluid components, where each compo-
nent, is separately located in one of the dispensers 906 and
908. Each container includes a distal passageway 914 and
916, respectively, which each fluidly communicate with one
side of the mixing device 900, which as shown in FIG. 48
provide two female luer attachments, although the mixing
device 900 may also be provided with two male luers on its
ends 902 and 904 and/or some combination thereof, as
desired for other attachments.

[0123] When itis desired to mix the components, one com-
ponent, such as fibrinogen, which, for example is located in
the left dispenser is allowed to from one (or first) side of the
mixer to another (or second) side of the mixer thereby allow-
ing flow into the other container 908 on the right side of the
mixer, where, for example, thrombin is located. It is contem-
plated that either one or both of the containers may be par-
tially filled prior to mixing to accommodate the additional
volume of the other component. The two components are
preferably allowed to flow from the container 908 through the
mixer to the left side of the mixer. Each time the components
pass through the mixing device 900 further mixing between
the components is provided.

[0124] It is contemplated that the components may pass
through the mixing device 900 at least once, but more pref-
erably several times, as desired or necessary to achieve suf-
ficient mixing. For example, where fibrinogen and thrombin
are employed, it may be desired to allow the components to
pass through the mixing device back and forth between the
two containers at least two or three times to achieve sufficient
mixing. The mixture may then be stored in one of the con-
tainers 906, 908 and detached from the other to permit dis-
pensing at a desired location. For example, the container can
be docked on a dispensing system such as the DUPLOJECT
applicator from Baxter Healthcare Corporation.

[0125] Alternately, a device, as shown and described below
at FIGS. 50A-50C, may include a separate nozzle or exit port
transfer through which the mixed fluid may be dispensed. It
may further be desired to employ the mixing device of FIG.
48 to mix fibrinogen and thrombin and air. For example, one
of the containers 910, 912 may contain 1 ml of fibrinogen
which may also contain one or more additive agents as
described below and having about a 100 mg/ml concentration
and the other may contain 1 ml of thrombin, for example, of
a 4 IU thrombin concentration, and 2.5 ml of air with the
mixing device located between the two containers for trans-
ferring the components back and forth between the two con-
tainers at least once, and preferably, several times, and, more
preferably, at least four times, to create a “fibrin mousse” that
is a fibrin mixture having a relatively higher volume of air
(such as 125% by air volume in the above example), and a
lower density than fibrin mixed without air. The fibrin mousse
may, for example, allow application to the underside of a
patient’s body, such as for treatment of acute or chronic
injuries such as a foot ulcer injury. Other volumes of fibrino-
gen and thrombin, and having different relative amounts, may
be combined with different volumes of air to increase or
decrease the percentage of air contained in the combined
fibrin mixture. The fibrin mousse obtained may also be spray
dried to form fully or partially polymerized beads, lyo-
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philized to form a sponge or grinded to obtain a hemaostatic
powder (dry fibrin glue), as described in U.S. Pat. No. 7,135,
027, as incorporated herein by reference. Other variations are
also possible, including mixing of different liquid compo-
nents for other fields of application, such as egg whites and oil
and/or water for the food industry, oil and water or diesel and
water for the automotive industry, as well as other applica-
tions described further below. Alternatively, it is also possible
to mix two or more gases employing the mixing device of
FIG. 48.

[0126] As previously described devices and systems
described herein are not limited to mixing liquid components.
One or both of the components may in fact be a gas such as air
or other gases. The embodiment shown in FIG. 48 is particu-
larly well suited for mixing a liquid with a gas. In an example
involving fibrin formulation, one of the fibrin-forming com-
ponents may include a selected amount of air and some are
discussed further below, although other liquid-gas mixtures
are also possible. In this regard, testing utilizing a device such
as is shown in FIG. 48 has suggested that the number of
transfers between the dispensers or containers does not have
a significant impact on the diameter of the bubbles formed
when mixing fibrinogen or thrombin with air to produce a
foam. On the other hand, it is believed that the type of material
utilized for the mixer (relative to its K value) and the air
fraction influence the diameter of the bubble formed. That is,
once the material has been transferred four times between the
containers using a Vyon-F mixing device, a homogenous
foam with an average bubble diameter of approximately 50
um is formed, and additional transfers do not change the
diameter or the size dispersion (normalized fluctuation of the
average bubble diameter) appreciably. On the other hand,
increasing the air fraction from 50% to 70% may increase the
average bubble diameter from approximately 50 pum to
approximately 65 um, as may changing the material used as
the mixer. It is further believed that the results of testing using
fibrinogen are applicable to fibrin as well.

[0127] Itisalso possible for one or more of the components
to be a solid that may be passed through a mixer in any one of
the devices and systems described herein. The solid is com-
prised of particles having a size or diameter that is relatively
smaller than the minimum pore size of the mixer so that such
solid may pass through the mixer. For example, one or more
solids may be mixed with another solid, a liquid or a gas as,
for example, in methods for making nano or micro sized
particles and suspensions thereof.

[0128] In accordance with another aspect of the present
invention, three or more components may be mixed together
using any of the above described embodiments or the like. For
example, In FIG. 49 shows first and second devices 1002 and
1004 connected to one another via a mixing device 1006 that
employs at least one mixer 1008 located therein. The first
device 1002, which may be similar to the dispensers 2, 102,
202, and 302, as described above, may employ at least two
containers each separately containing a component, such as
one of fibrinogen or thrombin, for mixing. The second device
1004 may contain biphasic calcium phosphate granules.
When mixing is desired, the fibrinogen and thrombin may be
allowed to flow from the first device 1002 through the mixing
device of the mixing device 1006, to provide mixing between
the two components into a fibrin mixture, which then is
allowed to flow into the second device 1004 to fill the porous
spaces around the granules. The second device 1004 may be
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disconnected for application, for example, to aid bone growth
for a patient. Other methods for mixing of the present inven-
tion are also possible.

[0129] Turning to FIGS. 50A-50C, a modified mixing
device 1050 is provided between two containers, 1052 and
1054, and, as such, is similar to the mixing device shown in
FIG. 48, and further includes a third container 1056. Each of
the containers 1052, 1054 and 1056 are connected by way of
avalve 1058 (with the mixing device 1050 being shown at the
left side of the valve), such as a three-way value, stop cock or
other suitable valve structure which allows selected commu-
nication between at least two containers at a selected time.
Other variations to the illustrated arrangement are also pos-
sible. For example, it is possible to employ one or more
mixing devices at either side of the valve and/or to employ
two or more mixing devices at any one side of the valve.
[0130] By way of example, FIG. S0A shows the first con-
tainer 1052 and the second container 1054 in fluid commu-
nication with each other across the valve 1058 via a fluid
passageway 1060. In FIG. 50A, the valve is open to allow for
fluid flow between the two containers while fluid flow to the
third container 1056 across the valve 1058 is closed. Each
container 1052 and 1054 contains at least one component,
respectively identified as A and B for mixing into a combined
mixture.

[0131] As shown in FIGS. 50A and 50B, the component A
from container 1054 is allowed to flow across the valve 1058
through the open fluid passageway 1060 and the mixing
device 1050 to the container 1052 on the other side of the
mixing device 1050 such that both components A+B reside in
the same container. In FIGS. 50A-50C, the components A+B
may be allowed to flow between the first and second contain-
ers 1052 and 1054 at least once (i.e., to container 1054) as a
combined mixture and perhaps several times (i.e., back and
forth between containers 1052 and 1054) to achieve the
desired number of changes in flow direction that provides
sufficient mixing of such components using the mixing
device. In FIGS. 50A-50C, which employs a single mixing
device, it may be desirable to switch the direction of flow
several times, although the number of changes in flow direc-
tion may be reduced as the number of mixing devices that
may be employed is increased. When the desired number of
changes in flow direction has occurred, the components A+B
preferably reside in one of the containers 1052 and 1054, such
as shown in FIG. 50B, which shows components A+B in the
same container 1052.

[0132] InFIG.50C,the position of the valve 1058 is rotated
to provide a fluid passageway 1062 between one of the con-
tainers 1052 and the third container 1056. The flow of the
combined mixture A+B is then allowed to flow into the third
container 1056, which may be a reservoir or other structure
that utilizes the combined mixture. By way of example and
not limitation, the third container 1056 may be cylinder of an
engine or a reservoir that is in fluid communication with the
engine and each component A, B selected from one of a liquid
or gas or a mixture of liquid or gas, such as water, air, alcohol
(including, for example, ethanol or butanol), oil (including,
for example, non-petroleum-based oils), olechemical deriva-
tives, gasoline, diesel, synthetic fuel (such as may be made
from carbon monoxide, hydrogen, carbon dioxide and/or
some combination thereof) and/or some combination thereof.
Such application may be beneficial to provide inline mixing
of biodiesel fuel, super oxygenated fuel, fuel/water emul-
sions, fuel additives or other desired automotive mixtures.
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[0133] In particular, the alcohol, oil, olechemical deriva-
tive, etc. used in such a combination may come from biologi-
cal sources, rather than being a petroleum product. For
example, bioethanol may be produced from feedstocks, such
as barley, grapes, maize, wheat, potatoes, sugar beets, and
sugar cane. Bioethanol may also be produced from other
materials high in starch content, even waste streams from
distillation processes used with wine or molasses may be
used. Biobutonol may be produced by microbes (which may
be genetically-modified for this purpose) as they digest the
sugar produced by breaking down cellulosic biomass, such as
plant fibers from sources such as grass clippings, tree cut-
tings, wood chips, and rice straw, or such as may be found in
household or animal waste. The non-petroleum oils used in
such a combination may include, cotton oil, soy oil, colza oil,
palm oil, animal fats, vegetable oil (including hydrogenated
vegetable oil), rapeseed oil, sunflower seed oil, jatropha oil,
tung oil, coconut oil, tempura oil, and castor oil. The oils may
in fact be produced by and harvested from certain forms of
oil-producing microalgae, such as is documented in A Look
Back at the US Department of Energy’s Aquatic Species
Program—Biodiesel from Algae, J. Sheehan et al. (July 1998)
(cataloging over 3000 strains of oil-producing microalgae).
In addition, olechemical derivatives may be used, such as
fatty acid methyl esters (FAMES).

[0134] An example of forming biodiesel fuel employing
the device in FIGS. 50A-50C may include 0.13 ml of water
and 0.77 ml gasoline or diesel that is “swooshed” back and
forth between containers A and B and then allowed to collect
in the third container for immediate use or to be stored for
later use. A further example of forming a biofuel mixture
employing the device in FIG. 48 may include a 90:10 ratio of
ethanol and oil wherein 4 ml of ethanol and 0.4 ml of oil, such
as machine oil, is “swooshed” back and forth between the two
containers to form a suspension or emulsion. Still another
example of forming a biofuel mixture employing a device
similar to that in FIG. 48 with a disc of BRM 60 material may
include a 8:1 ratio of diesel and oil wherein 8 ml of diesel and
1 ml of oil is “swooshed” back and forth between the two
containers to form a solution. An example of super oxygen-
ated fuel employing the device in FIGS. 50A-50C may
include 2.0 ml of air and 1.0 ml diesel that is similarly allowed
to “swoosh” back and forth between the two containers, in a
desired number of times, before passing into the third con-
tainer for use. Other fields of application are also possible.

[0135] It may be preferable to have the above described
mixing system available at a service or fuel station where the
fuel components are mixed just prior to dispensing by a user
into an automobile for use. Alternatively, it may be more
preferable to have the mixing system as part of automobile
fuel system where the fuel components are mixed just prior to
use by the automobile (e.g., just prior to when the fuel mixture
is introduced into the cylinder or other combustion device).
According to those embodiments utilizing water in the mix-
ture, it is contemplated that the water may be obtained from a
water reservoir located in the automobile that may be filled by
the driver at home or at a gasoline station and/or may be
collected from the air conditioning system, rain and/or other
methods.

[0136] In addition to the medical and automotive applica-
tions already described above, any of the inline mixing
devices, as described herein, may be employed in other appli-
cations. Examples of such other applications include aero-
space (e.g., space propulsion), chemical (e.g., mixtures of

Feb. 12, 2009

cosmetics, paint, detergents and the manufacture of foams, in
particular foams utilizing non-petroleum-based polyols),
food (e.g., drink mixtures, food additives), PVC or polymer
emulsions cosmetics, dental, health or pharmaceutical, adhe-
sives and water treatment (water additives), oil drilling fluids
(mixing pressurized water). In addition, such inline mixing
devices may be employed in ophthalmologic applications
such as to mix and dispense relatively small quantities such
as, at about 50 microliters, which may typically require dis-
pensing to a patient at a relatively slow flow rate. As described
and shown below, dispensers using one or two mixers, as
described herein, achieved relatively good quality of mixing,
that is independent of the flow rate employed. In this regard,
it is contemplated that the mixers described herein may be
employed in other medical and non-medical applications to
achieve sufficiently good quality of mixing regardless of the
relatively high or low flow rates that may be employed.

[0137] In regard to food applications, the mixing devices
described above may be used to mix any number of food
products. As one example, an egg white may be mixed with
air to create an egg white mousse. In such example, one of the
containers A and B of the device in FIGS. 50A-50C may
contain 2.5 ml of air and the other may contain 0.5 ml of egg
white. Alternatively, the mixing device may be used for other
food mixtures such as egg yolk with olive oil to create a
mayonnaise mixture, vegetable oil and vinegar to create
vinaigrette or other food mixtures. Another example, which
example may illustrate the use of the mixing devices to com-
bine highly viscous, non-Newtonian fluids, involves the use
ofadevicesimilarto that in FIGS. 20 and 21 to mix the vanilla
and chocolate components of the DANETTE DOUBLE
SAVEUR, manufactured and sold by Groupe Danone of
Paris, France. The vanilla and chocolate components may
have a range of viscosities of between 1660 and 34700 mPa-s
(cps) at 4 C and between 890 and 17200 mPa-s (cps) at 20 C,
depending on the rate at which the material is agitated. Pas-
sage of the material through the mixing device produces a
product having a visually uniform color and appearance. As
further examples, a whipped cream foam may be formed
using the device in FIG. 48 wherein one syringe may contain
3 ml of air and the other may contain 1.5 ml of cream with the
air passed into the other syringe first and “swooshed” at least
six times (although with a reduction in the amount of air and
anincrease in the number of transfers, butter may be produced
instead), and a gelatin foam may be similarly formed wherein
one syringe may contain 2 ml of gelatin solution (5 g of
gelatin to 50 ml of water) and the other may contain 3 ml with
the materials again “swooshed” at least six times.

[0138] It will also be recognized that mixing devices, simi-
larto thatin FIGS. 20 and 21, for example, may be used to mix
fibrinogen and thrombin to produce a product that may be
consumed as food, either by humans or by animals. For
example, an extruded food product, similar in shape and
appearance to spaghetti, may be formed using 5 ml of beef
protein and 5 ml of thrombin. It will be recognized that such
an example is not limited to the use of beef protein, but other
forms of animal protein may be used as well.

[0139] Infact, these mixtures may be produced along lines
similar to those described elsewhere herein for the production
of tissue sealants, except that additives such as fats, minerals
and taste enhancers may be introduced to improve the nutri-
tional quality and/or taste of the product. The fibrinogen and
thrombin may also be mixed with liquids, solids, and gases to
change the texture of the product. The product may be used
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alone, or in combination with other proteins, such as meat,
fish, shellfish, and game. In regard to the former application,
the product may be cast or molded in a particular shape to
have the appearance of a particular food item, such as spa-
ghetti, a steak, a nugget, etc. In the latter application of this
technology, the product of the mixing devices may be used to
bind smaller pieces of meat, fish, shellfish and game together
to produce food items having a more consistent or a more
desirable shape and/or size. Along similar lines, the product
may be used to adhere or secure, for example, dissimilar
proteins together, such as a strip of bacon to a shrimp or a
steak. The product may thereafter be cooked using normal
methods, such as boiled in water, oil, etc., baked, fried, or
grilled. Potential uses may also include pharmaceutical prod-
ucts, pet foods, and animal feeds.

[0140] In regard to a dental application, a mixing device
similar to that in FIG. 48 may be used, for example, to mix
alginate and water to form alginate impression material. This
example also illustrates the ability of the mixers and mixing
methods described herein to mix solid particles and a liquid.
The device used in this example included a disc of BRM 60
material. In particular, 1 g of alginate, available as PLAS-
TALGIN ORTHO manufactured and sold by Septodont
Healthcare of India, and 2.5 ml of water is “swooshed” back
and forth between the two containers to form an alginate
paste.

[0141] Inregard to a health or pharmaceutical application,
a mixing device similar to that in FIG. 48 may be used, for
example, to form an emulsion. According to this example, an
oily phase is prepared from 200 ml of soya oil and 12 g of egg
phosphatide, while an aqueous phase is prepared from 0.3 gof
sodium oleate, 25 g of glycerol and 200 ml of water. In
particular, the sodium oleate and glycerol are added to the
water after the water has been warmed to 75 C, and mixed
using a ULTRA TURRAX T25 mixer (manufactured and sold
by IKA-Werke GmbH & Co. KG of Germany) at lowest
speed. Similarly, the egg phosphatide is added to the oil after
the oil is has been warmed to 65 C, and mixed using an
ULTRA TURRAX T25 mixer at 8000-10000 rpm while heat-
ing to 75 C. The device used in this example included a disc
of Vyon-F material. 2.5 ml of the oily phase and 2.5 ml of the
aqueous phase are combined by first pushing the oily phase
into the aqueous phase, and the transfer repeated 5-30 times.
The results of the testing produced an emulsion that retained
its stability for several hours, with an average bubble diameter
of between 5-6 um.

[0142] FIGS. 51-52 show yet another connector 1100
which, for example, may be employed in an in-line tubing
apparatus or method to mix two or more liquids during an
infusion delivery to a patient. In FIG. 51, two containers or
bags 1102 and 1104 each separately contain a difterent fluid,
for delivery or infusion to a patient. By way of example and
not limitation, the fluids may include dextrose and bicarbon-
ate although other fluid is possible. Infusion may be aided by
gravity, pump and/or other convention methods. Each con-
tainer fluidly communicates with a respective passageway
1106 and 1108 which extends downstream to the connector
1100. As previously described with the above embodiments,
the connector 1100 may include at least one mixing device or
more, with two mixing devices 1110 being shown in FIG. 52
by way of example. The separate passageways 1106 and 1108
are preferably allowed to join together at a selected location
1112 upstream of the connector 1100. The fluid streams pass
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through the mixing devices 1110 to a passageway 1114
located downstream of the connector 1100 for delivery of the
mixture to the patient.

[0143] Any of the devices and systems described herein
may be employed as part of a disposable kit, such as a sterile
disposable kit for medical applications. The kit may com-
prise, for example, any one or more of the dispensing/collect-
ing devices or containers shown in FIGS. 1-8 and 18-52,
packaged together with a mixer arrangement, as shown in any
of FIG. 1-4 or 18-52. The mixer may be already connected
together with the dispensing/collecting device or may be a
separately packaged or stand alone article that may be
assembled to such device.

[0144] Where the devices and systems described above are
used to prepare a fibrin tissue sealant, a high quality of mixing
of'a combined fibrin fluid stream, may be characterized by an
essentially homogeneous quality (which may be a white color
for fibrin obtained with a low thrombin concentration or may
be a more transparent appearance for fibrin having a relatively
higher thrombin concentration) and a minimum amount of
transparent, free liquid, which occurs when the fibrinogen
component is essentially homogeneously polymerized with
the thrombin component. Accordingly, as shown in FIG. 53,
the quality of mixing of fibrin may be estimated by turbidim-
etry measurements which graphically show the absorbance of
light of a fibrin matrix. In FIG. 52 the abscissa represents the
change in turbidity based on the optical density (OD) of a
dispensed component, such as fibrin, that is monitored at 405
nanometers (nm) with a spectrophotometer, and where the
ordinate represents time in minutes. Further explanation of
turbidimetry measurements for a fibrin combined fluid stream
is provided in “Alteration of Fibrin Network by Activated
Protein C”, by Andras Gruber, et al. Blood, Vol. 83, No. 9
(May 1, 1994); pp. 2541-2548, which is incorporated herein
by reference.

[0145] As shown in FIG. 53, such turbidimetry measure-
ments were performed based on a fibrin matrix made of
essentially similar concentrations, such as, for example, 4
International Units (IU), of fibrinogen and thrombin,
although other concentrations or different combinations of
concentrations may be employed for each component. Mix-
ing was performed essentially at room temperature, such as,
for example, between about 15 and 25 degrees Celsius. At
FIG. 53, curve no. 1 represents a control dispenser which
lacks any mixer i.e. or mixing device. Curves nos. 2-4 repre-
sent three dispensers which include a mixer 36, such as shown
in FIGS. 1-4, where the mixer is comprised of three different
materials, respectively, Sample 2, PE, a product sold by Por-
vair (at curve no. 2); another PP product, as sold by Porvair (at
curve no. 3); and Sample 7, a product sold by Porex (at curve
no. 4). The graph at FIG. 53, essentially shows a correlation
between the use of a mixer (at curves nos. 2-4) and a reduction
in the time required for essentially homogeneous mixing. At
FIG. 53, curves nos. 2, 3 and 4 show that the time required to
reach a plateau representing consistent optical density, and
thus, essentially homogeneous mixing is achieved is less time
(2-3 minutes) for dispensers having a mixer as compared to
the time required (>10 minutes) for a control dispenser which
lacks such mixer.

[0146] At FIG. 54, the quality of mixing of fibrin is char-
acterized and determined by turbidimetry curve representing
two mixers spaced about 4 mm apart and a length L of about
6 mm between the upstream mixer 136 A and the distal end
124, such as shown in FIGS. 19-21 and as previously
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described. The turbidimetry curve of FIG. 53 indicates that
the absorbance of light of the combined fibrin fluid stream,
reaches a plateau indicative of essentially homogeneous mix-
ing at about 2-3 minutes, similar to above discussed single
mixer embodiments

[0147] The present invention also may provide a combined
fluid stream which preferably has a consistent viscosity
regardless of temperature. Generally, an increase in tempera-
ture improves mixing of components, such as fibrinogen and
thrombin. It is noted that the viscosity of fibrinogen varies
between about 150 and 250 centipoises (cps) or about 1.5 and
2.5 g/(cm™*sec), depending on temperature, which is signifi-
cantly different, by approximately an order of magnitude,
from the viscosity of thrombin, which is between about 10
and 20 centipoises (cps) or about 0.1 and 0.2 g/(cm*sec), also
depending on temperature. The present invention may pro-
vide for essentially homogeneous mixing at about room tem-
perature without requiring any heating of the components,
such as by employing of the above described embodiments.

[0148] The quality of mixing of a combined fluid stream,
such as fibrin, may also be characterized and determined by
adding a contrast or radiopaque agent, such as, for example,
Iohexol to the thrombin concentration, prior to mixing of the
components. For example, 50, 100, 200, 300, 400, 500 and
600 mg/mL. concentrations of Iohexol were separately added
to essentially similar thrombin concentrations, such as 75 1U,
the concentration of a contrast or radiopaque agent, such as
Iohexol, may range between about 50 and 1200 mg/mlL,
preferably between about 300 and 400 mg/mL.. Each throm-
bin/lohexol combination may be mixed with a fibrinogen
component using a mixer, such as a two-mixer arrangement
having a distance V of about 4 mm and a length L. of about 6
mm. After passing the components through such mixer, the
fibrin samples with Iohexol, as arranged alongside each other,
provide more transparent, homogeneously-mixed fibrin
streams as compared to a fibrin sample that was obtained
without lohexol using a mixer (indicated at “+” or as arranged
alongside the 600 mg/ml. sample) which is shown having a
white color with greater turbidity. The above described
samples were also compared to a “control” fibrin sample
without Iohexol and without a mixer. The control sample
shown provides a fibrin stream having inconsistent turbidity,
viscosity and color which is typical of insufficient mixing. It
is possible to use other contrast or radiopaque agents, depend-
ing on the desired application and the combined fluid stream
to be employed.

[0149] It is also possible to add other additive agents, such
as antibiotics, drugs or hormones to one or more of the fluid
component streams. For example, additives such as Platelet
Derived Growth Factor (PDGF) or Parathyroid Hormone
(PTH), such as those manufactured for Kuros Biosurgery AG
of Zurich, Switzerland, may be added to one of the fibrin-
forming components, such as fibrinogen. Bone morphogenic
proteins (BMP) may also be employed. By way of example
and not limitation, other agents include hydroxypropylmeth-
ylcellulose, carboxylmethylcellulose, chitosan, photo-sensi-
tive inhibitors of thrombin and thrombin-like molecules, self
assembling amphiphile peptides designed to mimic aggre-
gated collagen fibers (extracellular matrices), catalyst, pro-
catalysts, PEG’s factor XIII, cross-linking agents, pigments,
fibers, polymers, copolymers, antibody, antimicrobial agent,
agents for improving the biocompatibility of the structure,
proteins, anticoagulants, anti-inflammatory compounds,
compounds reducing graft rejection, living cells, cell growth
inhibitors, agents stimulating endothelial cells, antibiotics,
antiseptics, analgesics, antineoplastics, polypeptides, pro-
tease inhibitors, vitamins, cytokine, cytotoxins, minerals,
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interferons, hormones, polysaccharides, genetic materials,
proteins promoting or stimulating the growth and/or attach-
ment of endothelial cells on the cross-linked fibrin, growth
factors, growth factors for heparin bond, substances against
cholesterol, pain killers, collagen, osteoblasts, drugs, etc. and
mixtures thereof. Further examples of such agents also
include, but are not limited to, antimicrobial compositions,
including antibiotics, such as tetracycline, ciprofloxacin, and
the like; antimycogenic compositions; antivirals, such as
gangcyclovir, zidovudine, amantidine, vidarabine, ribaravin,
trifluridine, acyclovir, dideoxyuridine, and the like, as well as
antibodies to viral components or gene products; antifungals,
such as diflucan, ketaconizole, nystatin, and the like; and
antiparasitic agents, such as pentamidine, and the like. Other
agents may further include anti-inflammatory agents, such as
alpha- or beta- or .gamma-interferon, alpha- or beta-tumor
necrosis factor, and the like, and interleukins.

[0150] Other additives may be introduced into one or more
of the fluid component streams as well. For example, cata-
lysts, co-catalysts, visualization agents, dyes, markers, trac-
ers, and disinfectants may be included. Particular examples of
suitable visualization agents are described in U.S. Pat. Nos.
6,887,974 and 7,211,651, while examples of dyes (e.g.,
squaraine dyes), markers and tracers are described in U.S.
Pat. No. 6,054,122 and PCT Publication No. WO 2008/
027821, and disinfectants (e.g., methylene blue) in U.S. Pat.
Nos. 5,989,215, 6,074,663, and 6,461,325, all of which pat-
ents and publications are incorporated by reference herein in
their entirety.

[0151] It is possible that such agents or additives may be
premixed with one or more of the fluid components, such as
fibrinogen and/or thrombin in the respective component con-
tainer. Alternatively, it may be possible for such agents or
additives to be stored in a separate container as a liquid or
lyophilized for mixing with one or more components during
use of the dispenser and/or mixer. As a further alternative, the
agents or additives could be disposed in the mixing device. As
a still further alternative, the agents or additives may be con-
tained in a cartridge that is disposed in the flow line upstream
of the mixer.

[0152] For adispenser or mixer, such as in any of the above
described embodiments, in which one or more of agents are
employed, the combined fluid stream preferably provides a
sufficiently thoroughly mixed sealant, such as fibrin sealant,
in which the antibiotic, drug, hormone, or other agents may be
essentially well dispersed throughout the sealant. Such anti-
biotic, drug, hormone, or other agent may allow controlled
release over time to the applied working surface, for example,
to aid in post-operative or surgical treatment. It is contem-
plated that various agents may be employed depending on the
desired application and the combined fluid stream.

[0153] Although the present invention has been described
as employing at least two separate sources of fluid upstream
of the mixer, it is also possible to eliminate one of such
sources and provide such source within the formation of one
or more mixing devices. For example, for forming a tissue
sealant, such as fibrin, thrombin may be adsorbed, either
soaked as a liquid or incorporated as a solid, into one or more
of the mixers and freeze-dried to provide a source of throm-
bin. Such a mixing device could be connected or otherwise
placed in flow communication with a single source of fibrino-
gen, such as a single syringe containing fibrinogen at 45
mg/ml, for generating a tissue sealant via the mixing that
would occur when the fibrinogen is forced through the mixer.
Other wet or dry components may be employed with one or
more mixers or different components may be employed on
different mixers, where one than one mixer is employed.
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[0154] Another way to determine and characterize the qual-
ity of mixing may include mechanical testing of the combined
fluid stream. Such testing may include testing the reactivity of
the combined fluid stream to forces such as tension or com-
pression forces. Generally speaking, a sufficiently thoroughly
mixed, polymerized and homogeneous fibrin stream may
withstand tensioning and compression forces to a greater
extent than a fibrin stream which is insufficiently mixed,
polymerized and homogeneous. For example, for a fibrin
stream, tension may be applied to the fibrin stream along its
length to determine the extent of fibrin elongation without
separation of the stream. In one example, for two mixers
having a distance V of between about 0 and 5 mm, preferably
between about 3 and 4 mm, and a length L between about 2
and 6 mm, preferably between about 5 and 6 mm, a resulting
fibrin stream may provide a fibrin elongation of about 100%
to 300%, although other elongations are also possible. Other
types of tests may also be employed for determining the
quality of mixing.

[0155] FIGS. 55-60 show another way and perhaps pre-
ferred way of characterizing and determining the quality of
mixing from the mixing device of the present invention, such
as for a fibrin mixture. The degree of crosslinking may for
example, measure a selected amount of a constituent compo-
nent chain that is contained in the fibrin mixture to a selected
amount of the same constituent component in fibrinogen,
prior to mixing. Fibrinogen contains selected amounts of
alpha (o)) monomer chain, albumin, beta () chain and gamma
(v) chain. After mixing with thrombin to form fibrin, the fibrin
contains different amounts of such component chains due to
the crosslinking that has occurred. Typically, fibrin contains a
reduced amount of alpha monomer and gamma monomer
chains, which have polymerized into alpha-alpha pairs or
polymers and gamma-gamma pairs or polymers (or gamma
dimer) chains. By way of example and not limitation, the
degree or rate of crosslinking may measure that amount of
reduction in the alpha monomer chain that is present in the
fibrin mixture as compared to the amount of such alpha mono-
mer that is present in the fibrinogen prior to mixing.

[0156] At FIG. 55, the rate of crosslinking is shown for
three flow rates of fibrin, at 2 ml/min for Group 1, at 4 ml/min
for Group 2, and at 6 ml/min for Group 3. At each flow rate,
at least one fibrin sample was separately analyzed for each of
the following devices: a control device, which lacked a mix-
ing device; a single mixing device made of polyethylene (PE),
having a thickness of 1.5 mm and placed 2 mm from the distal
end (such as a dispensing housing having a distal end over-
molded on a needle or cannula having a single mixer); and a
double mixing device made of polyethylene (PE), having
thickness of 1.5 mm, and having a distance between the
mixing devices of about 4 mm and a distance between the end
of the dispensing distal end and the first mixing device of
about 4 mm. As shown in FIG. 55, the rate of crosslinking of
the non-mixing device ranges between about 0-2%. The rate
of crosslinking for the single mixing device ranges between
about 10-20%, preferably 10-16%. The rate of crosslinking
for the double mixing device ranges between about 20-30%,
preferably 23-36%. As shown in FIG. 55, the rate of
crosslinking of fibrin obtained using one or two mixing
devices at each flow rate is generally consistent regardless of
the flow rate employed.

[0157] The degree of alpha-c-chain cross-linking is deter-
mined by measuring the reduction overtime of the alpha-c.-
chain-band in comparison to the band containing the fibrin-
p-chain and albumin. An electrophoresis method was
performed based on an UREA/SDS electrophoresis tech-
nique on a DESAGA electrophoresis system (Sarstedt-
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Gruppe) loaded with a 5% acryl amid separation gel to iden-
tify the different chains of fibrinogen. After mixing fibrinogen
and thrombin components at a ratio 1:1, the mixture was
incubated at 37 C. The fibrinogen component employed for
each of the samples described contained about 3 U of Factor
X I (FXIII) although it is realized that other concentrations
of FXIII may be employed, which will achieve difference
rates of crosslinking. Generally, crosslinking increases as the
amount of FXIII is increased. After an incubation time of 0
and 120 min, the reaction was stopped by addition of a dena-
turant sample buffer and heated at 70 C for 5 min. The clots
were left overnight for dissolution in the sample buffer at
room temperature. The samples were loaded on a 5% poly-
acrylamide/urea gel. The gel was stained with Coomassie
Brilliant Blue R250 and destained according to the method of
Furlan, as shown on FIG. 56. The amounts of alpha-a-chain,
beta-f-chain, gamma-y-chain, fibronectin and albumin of
samples in FIGS. 55-60 were then determined by densitom-
etry and plotted on drawings represented by FIGS. 57, 58, 59
and 60.

[0158] In FIG. 56, 12 lanes of horizontal bands are shown
that were prepared according to the electrophoresis procedure
described above including a marker or baseline at lane 12 for
purposes of quality control for such procedure. In FIG. 56, the
“zero sample 17 and “zero sample 2” indicate the presence of
constituent components, according to molecular weight, in
fibrinogen at an incubation time zero, and thus before any
crosslinking with thrombin has occurred. Samples 10-18
show the presence of the constituent components in a fibrin
mixture after an incubation time of 120 minutes, according to
the different devices represented in Group 2 of FIG. 55. More
particularly, samples 10-12 correspond to the results obtained
without employing a mixing device (corresponding to “ctrl”
at 4 ml/min in FIG. 55), samples 13-15 show the results
obtained by employing one mixing device (corresponding to
“1 disc” at 4 ml/min in FIG. 55), and samples 16-18 show the
results obtained by employing two mixing devices (corre-
sponding “2 disc” at 4 ml/min in FIG. 55). At shown in FIG.
56, each of the “zero samples” and samples 10-18 contains
selected amounts of alpha (o) monomer chain, a combined
albumin+beta () chain and gamma (y) chain, as indicated by
the respective bands illustrated for each sample. Also in FIG.
56, each of samples 10-18 alpha (o) polymer chain, as indi-
cated at the top of samples 10-18, and gamma (y) polymer (or
gamma dimer) chain, located above the alpha monomer chain
are present. Such chains are typically present after crosslink-
ing has occurred due to mixing of the fibrinogen and thrombin
components, and thus are generally absent or negligible in the
“zero samples” shown in FIG. 56. Typically, a darker band
indicates a greater amount of a constituent chain. In FIG. 56,
samples 13-18, which employ at least one more mixing
devices, have darker alpha (o) polymer and gamma (y) poly-
mer (or gamma dimer) chains, which correspond to the
greater crosslinking values shown in FIG. 55.

[0159] Turning to FIG. 57, the relative amounts of the con-
stituent chains contained in the “zero samples™ are shown
which include 3 peaks along the graph, labeled at 1, 2 and 3.
Respectively, such peaks correspond to the amount of the

amma (y) monomer chain at peak 1, the amount of the
albumin+beta (f)-chain at peak 2, and the amount of the
alpha-(a)-chain at peak 3. If present, the amount of the
gamma polymer or gamma dimer chain would be represented
above the label at peak 4 and the amount of alpha polymer
chain would be represented above the label at peak 5, (al-
though little if any measurable peak can be seen due to mixing
with thrombin not yet occurring. Based on the data repre-
sented in FIG. 57, the relative amounts of alpha-(a)-Mono-
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mer chain to beta-(f§)-Monomer chain plus albumin can be
calculated by integration of the area under each respective
peak as follows:

TABLE 4
Number Total
1 19.712
2 84.771
3 26.619
4 24.411

[0160] FIGS. 58-60 show the relative amounts of selected
constituent components contained in sample 12—one of the
control samples from FIG. 56, sample 13—one of the single
mixing device samples—and sample 17—one of the two
mixing device samples—and their respective peaks at 1, 2, 3
and 4 corresponding to the amount of the gamma monomer
chain at peak 1, the amount of the albumin+beta-(f§)-chain at
peak 2, and the amount of the alpha-(ct)-monomer chain at
peak 3, and the amount of the gamma polymer or gamma
dimer chain at peak 4, representing some crosslinking reac-
tion due to the mixing of fibrinogen and thrombin. Based on
integrating the area under the respective peaks in FIGS.
58-60, the relative amounts of such chains are calculated as
follows:

TABLE 5
Totals from Totals from Totals from

Number - chain Sample 12 Sample 13 Sample 17

1 - y monomer 12.932 5.486 4.077

2 - albumin + 82.833 87.718 77.378

3 - o monomer 26.714 24.821 19.444

4 -y dimer 8.390 14.825 13.044
[0161] The degree of crosslinking may be represented as a
Q value:

0=X/X,,

[0162] where X, represents the ratio or quotient of the total

alpha a chain (total at peak 3) to the total albumin+f chain
(total at peak 2) from Table 4 for an incubation time zero (0)
(time) or for fibrinogen prior to mixing with thrombin; and
[0163] X, represents the ratio or quotient of the total alpha
a chain (total at peak 3) to the total albumin+f chain (total at
peak 2) for any one of the samples indicated in Table 5 for an
incubation time n or for a fibrin mixture after mixing with
thrombin.

[0164] Based on the above samples, the estimated
crosslinking or Q values may be represented as follows:
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[0165] Based on the above examples, X, may be repre-
sented as X =alpha a chain/albumin+f} chain from “Zero
Sample” or fibrinogen prior to mixing. For example, X, may
have a value of about 26.619/84.771 or about 0.314, as indi-
cated above. X, may be represented as X, =alpha a chain/
albumin+f chain for any one of'the fibrin mixtures of Samples
12,13 or 17, as indicated above, for example, in sample 17, X,
may have a value of about 19.444/77.378 or about 0.251. The
incubation time employed in the above examples is about 120
minutes and were observed at a temperature of 37 degrees
Celsius, although other incubation times and temperatures
may be employed. The rate of crosslinking further may be
represented as a percentage, which is also indicated in the
above table and may be calculated as follows:

Rate of crosslinking[%]:100x(1-Q)

[0166] As shown in Table 6 above the quality of mixing as
determined by the rate of alpha chain crosslinking was
improved in devices using at least one mixer and further
improved when two mixers are used. As shown in Table 6 the
% crosslinking reported was approximately 11% and within a
typical range of approximately 10-16%. The % crosslinking
in devices using two mixers was approximately 21% and
within a range of about 20%-30%.

[0167] In FIG. 61, the data shown indicates the effect of
temperature on the quality of fibrin mixing formed with a two
mixer device, such as shown in FIGS. 19-21. For example, the
distance between the mixers may be 4 mm and the distance
from the y piece to the first mixer may be 4 mm, with a
thickness of 1.5 mm. The data represents the rate of crosslink-
ing of a fibrin mixture at each of temperatures 4° C., 18° C.,
22°C. and 37° C. for each of a control device without a mixer
as compared to using a mixing device, as described above.

[0168] As represented in FIG. 61, the % crosslinking for
fibrin obtained by using the mixing device ranged between
about 24-33% with the highest valve obtained at 4° C., a
temperature at which fibrinogen has an estimated viscosity of
between about 500-600 cps. At 18° C. and 22° C. the viscosity
of fibrinogen ranges between about 160 cps to 120 cps and at
37° C., the viscosity of fibrinogen is between about 70-80 cps
and thrombin is about 5 cps. Other lots may show different
viscosity. As shown, the % crosslinking using the described
mixing device is relatively consistent at each represented
temperature, as compared to the control device which
achieves poor crosslinking at the lower temperatures 4-22° C.
[0169] As represented in Table 6, the quality of mixing is
not dependent on the temperature when using a mixing device
in contrast to the control device which requires an increase to
37° C. to such a value of 21% crosslinking. By way of

TABLE 6

Sample 0/1 -
Value Fibrinogen Sample 12 Sample 13 Sample 17
o monomet/(albumin + f3) 26.619/84.771  26.714/82.833  24.821/87.718 19.444/77.378
X1 = 0.314 0.314 0.314 0.314
a monomer/(albumin + f3)
X, = — 0.322 0.282 0.251
a monomer/(albumin + f3)
XX, 0.314 0.322/0.314 0.282/0.314 0.251/0.314
Q — 1.0 0.89 0.79
% crosslinking 0 11 21
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example, a fibrin mixture using a mixing device in Table 6
would not require heating or warming above typical operating
room temperatures of about 18° C. to 22° C., as 27%-33%
crosslinking is achieved as such temperature ranges. In addi-
tion, the above described % crosslinking is generally not
affected by gamma irradiation, or sterilization as applied with
the medical field.

[0170] Other ways may also be employed to measure the
degree of crosslinking, such as for example, measuring the
increase or decrease in other constituent chains. By way of
example and not limitation, in addition or as an alternative to
the above, it is also possible to measure the degree of
crosslinking by measuring the increase in one or both of the
gamma (Y) polymer (or gamma (y) dimer) chain and the alpha
(o) polymer chain, as either component generally increases
as the degree of crosslinking increases to indicate mixing of
the fibrinogen and thrombin. Another way to measure the
degree of crosslinking may be measure the decrease in the
gamma (y) monomer chain, which decreases as the degree of
crosslinking increases.

[0171] FIGS. 62-63 show yet another way to estimate the
quality of mixing from the mixing device of the present
invention, such as for a fibrin mixture. For example, the
degree of mixing may be determined by monitoring an optical
characteristic of the fibrinogen and an optical characteristic of
thrombin as compared to the presence of such optical char-
acteristics in the fibrin mixture. As shown in FIGS. 62-63, one
such optical characteristic may include the degree of fluores-
cence emitted from a combined fibrinogen and thrombin fluid
stream in the fluid passageway after joining the separated
streams of such components.

[0172] FIG. 62 shows the distribution of fluorescence in a
cross-section of tubing (represented between the two black
lines, between 1.2 and -1.5 mm of the tubing section height)
for a combined fluid stream of thrombin and fibrinogen and
the relative grey level, which ranges between about 0-250, for
an apparatus without a mixing device. In contrast, FIG. 63
shows the distribution of fluorescence in a similar section of
tubing that is observed downstream a mixing device, such as
employing any of the previously described mixing devices. In
FIG. 62, the distribution of fluorescence is evaluated after 1,
3 and 20 seconds of flow rate. A relatively high distribution of
fluorescence of about 220 to 250 is generally concentrated on
one side of the section of tubing between about 0 and 1.2,
along the Y-axis, which corresponds to the presence of throm-
bin that generally has a high degree of fluorescence. A rela-
tively low distribution of fluorescence is indicated on the
other side of the section of tubing between about 0 and -1.5,
which generally corresponds to the presence of fibrinogen
that generally has a low distribution of fluorescence. As rep-
resented in FIG. 62, the high distribution of fluorescence
along one side of the tubing section and the low distribution of
fluorescence on the other side of such tubing section gener-
ally indicates that relatively little mixing is achieve between
the thrombin and fibrinogen fluid streams.

[0173] In contrast, FIG. 63 shows the distribution of fluo-
rescence of a combined fibrinogen and thrombin stream
downstream of a mixing device, with respective distribution
curves shown for 1, 3 and 20 seconds. As can be seen in FIG.
63, each curve is generally well distributed over the entire
tubing section between the range of about 1.2 and -1.5 mm of
the tubing section height. It is also possible that other ways
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may be employed to measure the quality of mixing, such as
for example, other optical or physical characteristics of the
components.

[0174] As can be seen from the above description, the
present invention has several different aspects, which are not
limited to the specific structures shown in the attached draw-
ings. Variations of these concepts or structures may be
embodied in other structures for carrying out application of
tissue sealant or other applications in the medical or other
fields without departing from the present invention as set
forth in the appended claims.

1. A device for mixing at least two separate streams of
components which, when mixed, form a combined fluid
stream, the device comprising:

a first passageway adapted to communicate with one of the

at least two separate streams;

a second passageway adapted to communicate with

another of the at least two separate streams; and

a mixer communicating with each of the first and second

passageways comprising a three-dimensional lattice
defining a plurality of tortuous, interconnecting pas-
sages therethrough, the mixer having physical charac-
teristics to sufficiently mix the component streams ofthe
combined fluid stream, which characteristics include a
selected one or more of mean flow pore size, thickness
and porosity.

2. The device of claim 1 in the which mixer has a K value
within the range of about 5 to 1000, as measured by Darcy’s
Law:

K=0*n*L/(S*AP)

where Q=flow rate of the combined fluid stream,

n=viscosity of the more viscous of the two components

L=thickness of the mixer

S=surface area of the mixer

AP=change in pressure between upstream and downstream

locations of the mixer.

3. The device of claim 1 comprising at least two of said
mixers located in series.

4. The device of claim 7 wherein the mixers are in spaced-
apart relation to each other.

5. The device of claim 1 wherein the mixer is downstream
from a location where the at least two separate streams are
first combined.

6. The device of claim 1 wherein the mixer comprises a
material selected from polypropylene or polyethylene.

7. A system for combining at least two separate streams of
components which, when mixed, form a combined fluid
stream, the system comprising:

a first passageway in fluid communication with one of the

at least two separate streams;

a second passageway in fluid communication with another

of the at least two separate streams;
athird passageway in fluid communication with and down-
stream of the first and second passageways for joining
the at least two separate streams at a selected location;

at least one mixer downstream of and in the vicinity of the
selected location; the mixer comprising a three-dimen-
sional lattice defining a plurality of tortuous, intercon-
necting passages therethrough; and

an outlet downstream of the mixer to allow flow of the

combined fluid stream.

8. The system of claim 11 wherein at least one of the two
components includes a liquid.
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9. The system of claim 11 wherein at least one of the two
components includes a solid.

10. The system of claim 11 wherein at least one of the two
components includes a gas.

11. The system of claim 11 wherein the two components
include at least two selected of diesel, oil, gasoline, water and
air.

12. The system of claim 11 wherein the two components
include egg white and air.

13. The system of claim 11 wherein the two components
include fibrinogen and thrombin.

14. The system of claim 11 comprising at least two of said
mixers located in series.

15. A system for mixing at least two separate components
which, when mixed, form a combined fluid stream, the sys-
tem comprising:

at least one mixer having first and second sides and com-
prising a three-dimensional lattice defining a plurality of
tortuous, interconnecting passages therethrough;

a first port in fluid communication with the first side of the
mixer and adapted to communicate with a source of a
first component;

a second port in fluid communication with the second side
of the mixer and adapted to communicate with a source
of'a second component; and

each port being in fluid communication with the other port
through the mixer to allow one of the first and second
components to flow from selected one of the first and
second sides of the mixer to the other side and to allow
return flow ot both the first and second components from
the other side through the mixer.

16. The system of claim 19 further comprising a container

for collecting said combined fluid stream.

17. A method for combining at least two separate compo-
nents, the method comprising:

providing a mixer comprising a three-dimensional lattice
defining a plurality of tortuous, interconnecting pas-
sages therethrough; and

selecting a material for the mixer based on physical char-
acteristics of said material, said characteristics including
a selected one or more of mean flow pore size, thickness
and porosity volume.

18. The method of claim 21 wherein selecting includes
selecting a porosity and a mean pore size sufficient to form a
generally homogenous mixed stream.

19. The method of claim 21 wherein at least one of the two
components includes a liquid.
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20. The method of claim 21 wherein at least one of the two
components includes a solid.

21. The method of claim 21 wherein at least one of the two
components includes a gas.

22. The method of claim 21 wherein the two components
include fibrinogen and thrombin.

23. The method of claim 21 comprising at least two of said
mixers located in series and further comprising flowing the
two components through the mixers to mix the first and sec-
ond components.

24. The method of claim 21 wherein selecting includes
determining a K value for the mixer, as measured by Darcy’s
Law:

K=0*n*L/(S*AP)

where Q=flow rate of the combined fluid stream,
n=viscosity of the more viscous of the two components
L=thickness of the mixer

S=surface area of the mixer

AP=change in pressure between upstream and downstream
locations of the mixer.

25. The method of claim 21 wherein selecting includes
determining the product of the mean flow pore size, thickness
and porosity of the mixer.

26. The method of claim 21 wherein the mixer is positioned
intermediate first and second passageways and in fluid com-
munication therewith, the first and second passageways being
in respective fluid communication with a first and second
component; and sequentially passing the first component
through the mixer from the first passageway to the second
passageway and passing both the first and second components
through the mixer from the second passageway to the first
passageway.

27. The method of claim 32 wherein the first and second
components pass through the mixer a plurality of times.

28. The method of claim 32 further comprising combining
the at least two components in the vicinity of the mixer at a
selected location upstream of the mixer.

29. The method of claim 21 wherein the specific surface of
pores forming the pore size can range from 1000 up to 100000
um?2/um3.



