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TITLE

HAND TRIGGERED TISSUE SEALANT SPRAY APPARATUS AND SYSTEM

BACKGROUND
[0001] This invention relates to a system and apparatus for
applying tissue sealant, such as tissue sealant, to a work

surface, such as biological tissue.
[0002] Mixing and/or applying sealant to work surfaces has
application 1n a variety of settings. In the medical field,

sealant in the form of tissue sealants have been applied to

human and animal tissue, for example, 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.
[0003] In the medical field, tissue sealant has typically
been applied by a syringe-type applicator that ejects tissue
sealant directly onto the tissue. Examples of such
applicators are shown i1n U.S. Patent Nos. 4,846,405,
5,582,596, 5,665,067, 6,461,361 and 6,585,696, and PCT

Publication No. WO 96/39212. Further examples of such

applicators also are sold under the Tissomat and Duploject

trademarks, which are marketed by Baxter AG.

[0004] The tissue sealant employed in treating biological

tissue 1s typically made of one or more components, such as
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biocompatible compounds that can be absorbed by the body and
do not require later removal from the patient. One example of

a known tissue sealant is made of fibrinogen and thrombin.

The tissue sealant may be contained in more than one container

which can be mixed into an adhesive combination upon ejection

from the tissue sealant applicator. For example, the

components may exit from two separate outlets positioned in

proximity with one another so that these components are mixed

Co create an adhesive tissue sealant upon ejection from the

applicator.

[0005] Tissue sealant applicators also may provide tissue

sealant that 1s atomized by means of pressurized, sterile gas

such as, for example, air, to form a spray which is a

puen

combination of tissue sealant and a sterile gas or air. The

applicator is connected to an air or gas source by tubing that

supplies the gas or air to the distal end of the applicator in

the vicinity of the outlets of the one or more tissue sealant

components. For example, gas may communicate with one or more

=
p—t

of the tissue sealant components within a mixing area defined

by the applicator. Alternatively, the gas may mix with the

tissue sealant components after ejection from the applicator.

In the latter scheme, the gas or air outlet preferably is

located in close proximity to the outlets of one or more of

the tissue sealant components and may, for example, be in the

rorm of an annular shaped outlet which surrounds at least one

of the tissue sealant component outlets. The result is that
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the tissue sealant discharges in the form of an aerosol or
spray.

[0006] The supply of gas or air is preferably coordinated
so that, for example, gas is essentially simultaneously

supplied to the applicator upon ejection of tissue sealant.

However, synchronizing the timing of this supply with the

ejection of tissue sealant or its components has proven

awkward and difficult, particularly where multiple tissue

sealant components are used.

[0007] Conventional tissue sealant applicators have relied

on the user, such as a surgeon or hospital staff member, to

)]

simultaneously activate the supply of gas with the ejection of
gissue sealant with separate motions. For example, the user
1s required to manually turn on and off the supply of gas,
such as by foot actuation, in addition to the separate
movement required to manually eject tissue sealant or

components, such as, for example, by pressing on a syringe

plunger or the like. It has proven difficult for the user to
coordinate the timing of these two separate motions.

Therefore, i1t 1s desired to provide a tissue sealant

t

applicator which simplifies activation of a spray discharge o:

tigsue sealant and which further provides a reliable and

continuous spray discharge of tissue sealant.

Summary of the Invention
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[0008] The present 1nvention 1s generally directed to a

system and apparatus for applying or, an apparatus for use in
applying, sealant, such as tissue sealant, to a work surface,
such as biological tissue, in which a supply of gas may be
reliably actuated essentially simultaneously with the ejection of

the sealant.

griy

[0009] In accordance with one aspect of the present

invention, an apparatus is provided that comprises an elongated

pody defining an interior bore for containing sealant, for
example, tissue sealant, and having proximal and distal ends. A

piston is movably positioned in the bore. The apparatus further

comprises a distal outlet communicating with the bore. A first

gas passageway 1s cooperatively associated with the distal outlet

and 1s configured to direct gas to create a spray dlscharge of

sealant. An actuating member is cooperatively associated with
the piston for moving the piston toward the distal end of the
pody to eject sealant through the distal outlet and operative to

simultaneously actuate a supply of gas to the first gas

Passageway to create a spray discharge of sealant for application

to the work surface, for example, biological tissue.

[00010] In accordance with another aspect of the present
invention, there is provided a sealant applicator assembly for
use with an apparatus of the type having an elongated body
defining an interior bore for containing sealant and having
proximal and distal ends, a piston movably positioned in the
bore, and a pusher member operatively associated with the piston

extending through the proximal end of the bore, the sealant
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applicator assembly comprising: a spray adaptor adapted to
communicate with the bore of the body and defining a distal
outlet; a first gas passageway cooperatively associlated with the
distal outlet, and the first gas passageway configured to direct
gas to create a spray discharge of the sealant; a second gas
passageway which 1s adapted for communication with a gas source;
and an actuating member adapted to be cooperatively associated
with the pusher member to eject sealant through the distal
outlet, the actuating member being operative to simultaneously
actuate a supply of gas to said first gas passageway for creating
a spray discharge of sealant and including a proximal portion
which defines a user-contact surface, the surface defining an
opening to the second passageway, the opening providing flow from
the second gas passageway, the actuating member being engaged to

the pusher member.

[00011] In accordance with a further aspect of the present
invention, a control unit 1s provided for use with an apparatus
of the type comprising an elongated body defining an 1nterior
bore for containing sealant, for example, tissue sealant, and
having proximal and distal ends. The apparatus further i1ncludes
a piston movably positioned 1n the bore and a distal outlet
communicating with the bore. A first gas passageway 1S
cooperatively assoclated with the distal outlet and is configured
to direct gas to create a spray discharge of sealant. An

actuating member 1s cooperatively associated with the piston.

The control unit 1s operable upon receipt of a



CA 02593973 2007-07-11
WO 2006/076427 PCT/US2006/000970

control signal from the apparatus to activate a flow of gas
suitable for communication with the first gas passageway to

create a gpray discharge of sealant.

[00012] In a yet further aspect of the present invention, a

system is provided that comprises an apparatus and a gas

supply source. The apparatus comprises an elongated body

defining an interior bore for containing sealant, for example,

a tissue sealant, and having proximal and distal ends. A

piston is movably positioned in the bore. The apparatus

further comprises a distal outlet communicating with the bore.

A first gas passageway is cooperatively associated with the
distal outlet and is configured to direct gas to create a

spray discharge of sealant. An actuating member is

cooperatively associated with the piston for moving the piston

toward the distal end of the body to eject sealant through the

distal outlet and operative to simultaneously actuate a supply

of gas to the first gas passageway to create a spray discharge

—
o

of sealant for application to a work surface, for example,

biological tissue. The gas supply communicates with the first

gas passageway. The system further provides that the

actuating member i1s operatively connected to the gas supply

source to at least selectively actuate the flow of gas through

the first gas passageway to create a spray discharge of

sealant for application to the work surface.
[00013] In accordance with an additional aspect of the

present invention, an applicator assembly is provided for
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being cooperatively associlated with an apparatus of the type
having an elongated body defining an interior bore for
containing sealant and having proximal and distal ends. The

apparatus further includes a piston movably positioned in the

bore, and a pusher member operatively associated with the
piston extending through the proximal end of the bore. The

applicator assembly also is provided for being cooperatively

assoclated with a gas supplying device adapted to controllably
supply a pressurized source of gas through a first gas outlet
and also having an input to receive a supply signal and

control the supply of the source of gas in at least partial

dependence on the signal. The applicator assembly further

provides for use by a user to supply a sealant to a work

surface. Such applicator assembly comprises a spray adaptor
adapted to communicate with the bore of the body and defining

a distal outlet. Such applicator assembly also comprises a

first gas passageway cooperatively associated with the distal

outlet. The first gas passageway is configured to direct gas

Lo create a spray discharge of the sealant. Such applicator

assembly further comprises tubing in fluid communication with

the first gas passageway and adapted to be placed in fluid

communication with the first gas outlet. An actuating member

1s adapted to be cooperatively associated with the pusher

mempber. The actuating member is also configured to generate

the supply signal during movement of the pusher such that gas
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is supplied from the first gas outlet in at least partial
dependence on the signal.

[00014] Tn accordance with another additional aspect of the
present invention, an applicator assembly is provided for

being cooperatively associated with an apparatus of the type

having an elongated body defining an interior bore Ior

containing sealant and having proximal and distal ends, a

piston movably positioned in the bore, and a pusher member

operatively associated with the piston extending through the

proximal end of the bore. The applicator assembly 1s also

provided to be for use by a user to supply a sealant to a work

surface. Such applicator assembly comprises a gas supplying

device adapted to controllably supply a pressurized source of

gas through a first gas outlet and also having an input to

receive a supply signal and control the supply of the source

of gas in at least partial dependence on the signal. Such

applicator assembly also comprises a spray adaptor adapted to

communicate with the bore of the body and defining a distal

outlet. Such applicator assembly further comprises a first

gas passageway cooperatively associated with the distal

outlet. The first gas passageway is configured to direct gas

to create a spray discharge of the sealant. Tubing is 1in

Fluid communication with the first gas passageway and 18

adapted to be placed in fluid communication with the first gas

outlet. An actuating member is adapted to be cooperatively

associated with the pusher member. Such actuating member 1is
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configured to generate the supply signal during movement of
the pusher such that gas is supplied from the first gas outlet

in at least partial dependence on the signal.

[00015] In accordance with a further additional aspect of
the present invention, an applicator assembly is provided for
use by a user to supply a sealant to a work surface. Such

applicator assembly comprises a first apparatus comprising an

elongated body defining an interior bore for containing

sealant and having proximal and distal ends. A piston is

movably positioned in the bore, and a pusher member

operatively associated with the piston extending through the

pr—

proximal end of the bore. Such applicator assembly also

comprises a gas supplying device having a first gas outlet, a

supply signal input to receive a supply signal, a switch to

actuate a flow of gas to the first gas outlet, and a control

mechanism to cooperatively associate the switch and a signal

supplied to the supply signal input. Such applicator assembly

further comprises a spray adaptor adapted to communicate with

the bore of the body and defining a distal outlet. The spray

adaptor comprises a first gas passageway cooperatively

assocliated with the distal outlet. The first gas passageway

1s configured to direct gas to create a spray discharge of the

sealant. Tubing is in fluid communication with the first gas

passageway and 1s adapted to be placed in fluid communication

with the first gas outlet. An actuating member is adapted to

be cooperatively associated with the pusher member. The
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actuating member is configured to generate the supply signal

during movement of the pusher such that gas is supplied from

the first gas outlet in at least partial dependence on the

signal.

[00016] According to another aspect of the invention there

ls provided an applicator assembly for applying a sealant to a
work surface, the applicator assembly comprising; a first
apparatus comprising an elongated body defining an interior

bore for containing sealant and having proximal and distal

ends, a piston movably positioned in the bore, and a pusher

member operatively associated with the piston extending
through the proximal end of the bore; a gas supplying device

having a first gas outlet, a supply signal input to receive a

supply signal, a switch to actuate a flow of gas to the first

gas outlet, and a control mechanism to cooperatively associate

the switch and a signal supplied to the supply signal input;

and a second apparatus comprising a spray adaptor and an

actuating member; the spray adaptor being in communication

with the bore of the body and defining a distal outlet, the

spray adaptor comprising a first gas passageway cooperatively

assoclated with the distal outlet, the first gas passageway

configured to direct gas to create a spray discharge of the

sealant; tubing in fluid communication with the first gas

passageway and in fluid communication with the first gas

outlet; the actuating member being cooperatively associated

with the pusher member, the actuating member being configured
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to generate the supply signal during movement of the pusher
member such that gas is supplied from the first gas outlet in
at least partial dependence on the signal.

[00017] According to another aspect of the invention there

1s provided an applicator assembly for applying a sealant to a

work surface, the applicator assembly comprising; a first

apparatus comprising an elongated body defining an interior

bore for containing sealant and having proximal and distal

ends, a piston movably positioned in the bore, and a pusher

member operatively associated with the piston extending

through the proximal end of the bore; a gas supplying device

having a first gas outlet, a supply signal input to receive a

supply signal, a switch to actuate a flow of gas to the first

gas outlet, and a control mechanism to cooperatively associate

the switch and a signal supplied to the supply signal input;

and a second apparatus comprising a spray adaptor and an

actuating member; the spray adaptor being adapted to
communicate with the bore of the body and defining a distal

outlet, the spray adaptor comprising a first gas passageway

cooperatively associated with the distal outlet, the first gas

passageway configured to direct gas to create a spray

discharge of the sealant; tubing in fluid communication with

the first gas passageway and adapted to be placed in fluid

communication with the first gas outlet; the actuating member

adapted to be cooperatively associated with the pusher member,

the actuating member being configured to generate the supply
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signal during movement of the pusher member such that gag is

supplied from the first gas outlet in at least partial

dependence on the signal.

[00018] According to another aspect of the invention there

1s provided an apparatus for use in an applicator assembly for

applying a sealant to a work surface; the apparatus comprising

an elongated body defining an interior bore for containing

sealant and having proximal and distal ends, a piston movably

re, and a pusher member operatively

gt

positioned in the bc

assocliated with the piston extending through the proximal end

p—

of the bore, wherein the pusher member is adapted to be

cooperatively associated with an actuating member of the

applicator assembly.

[00019] According to another aspect of the invention there

is provided an apparatus for use in an applicator assembly for

applying a sealant to a work surface; the apparatus comprising

a spray adaptor and an actuating member; the spray adaptor

being adapted to communicate with a bore of a body of the

applicator assembly and defining a distal outlet, the spray

adaptor comprising a first gas passageway cooperatively

assoclated with the distal outlet, the first gas passageway

configured to direct gas to create a spray discharge of the

sealant; tubing in fluid communication with the first gas

passageway and adapted to be placed in fluid communication

with a first gas outlet of a gas supplying device; the

actuating member being adapted to cooperatively associate with
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a pusher member of the body, the actuating member being
configured to generate a supply signal to the gas supplying

device during movement of the pusher member such that gas is

supplied from the first gas outlet in at least partial
dependence on the signal.
[00020] According to another aspect of the invention there

1s provided a kit for use in an applicator assembly for

applying a sealant to a work surface; the kit comprising a
first apparatus and a second apparatus;

the first apparatus comprising an elongated body defining an

interior bore for containing sealant and having proximal and

distal ends, a piston movably positioned in the bore, and a

pusher member operatively associated with the piston extending

through the proximal end of the bore, wherein the pusher

member 1s adapted to be cooperatively associated with an

actuating member of the second apparatus; and, the second

apparatus comprising a spray adaptor and an actuating member;

the spray adaptor being adapted to communicate with the bore

g

of the body and defining a distal outlet, the spray adaptor

comprising a first gas passageway being adapted to

cooperatively associate with the distal outlet, the first gas

passageway configured to direct gas to create a spray

F

discharge of the sealant; tubing in fluid communication with

the first gas passageway and adapted to be placed in fluid
communication with a first gas outlet of a gas supplying

device; the actuating member being configured to generate a
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supply signal to the gas supplying device during movement of
the pusher member such that gas is supplied from the first gas
outlet in at least partial dependence on the signal.

[00021] This summary 1s not intended as an exhaustive

identification of each aspect or feature of the present

invention that is now or may hereafter be claimed, but

represents a summary of certain aspects of the present

invention to assist in understanding the more detailed

description that follows. Additional aspects or features of
the present invention may be set forth in the following

description.

[00022] Although described later in terms of certain

structures, it should be understood that the system and

apparatuses of the present invention are not limited to the

identical structures shown. It should be understood that the

structures described and claimed are intended to have a broad

o

interpretation that includes all of the more specific

structures, such as those mentioned above, in which it may

find commercial application.

Brief Description of the Drawings

[00023] Fig. 1 is a top perspective view of an apparatus,

with portions of the apparatus being shown as transparent to

ald illustration, and also includes a sealant applicator

assembly, a control unit, and a gas supply source, shown

schematically.



WO 2006/076427

CA 02593973 2007-07-11

PCT/US2006/000970
15

[00024] Fig. 2 1s a back perspective view of the control

unit shown in Fig. 1.

[00025] Fig. 3 is an enlarged top perspective view of the

apparatus shown in Fig. 1.

[00026] Fig.

4 is a partial enlarged top perspective view of

the proximal end of the apparatus shown in Fig. 1.

[00027] Fig.

shown in Fig.

[00028] Fig.

member of the

[00029] Fig.

member.

[00030] Fig.

[00031] Fig.

1.

[00032] Fig.

5 1s a bottom perspective view of the apparatus
1.

6 1s a front perspective view of an actuating

apparatus.

7 1s a back perspective view of the actuating

8 1s a top view of the apparatus in Fig. 1.

9 1s a side view of the apparatus shown in Fig.

pr——

10 is a partial enlarged bottom view of the

-

proximal end of the apparatus shown in Fig. 1.

[00033] Fig.

Fig. 1.

[00034] Fig.

11.

[00035] Fig.

[00036] Fig.

shown in Fig.

[00037] Fig.

11 18 a front view of a pusher member shown in

12 is a sectional view along line 12-12 of Fig.

13 18 a rear view of the pusher member.

14 1s a pneumatic diagram of the control unit

1.

15 1s a flow chart of an electrical circuilt

employed in the control unit.
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[00038] Fig. 16 is a schematic of an electrical circuit
employed in the control unit.
[00039] Fig. 17 shows a modified spray adaptor in which gas

mixes with one of the sealant components.

[00040] Fig. 18 shows another modified spray adaptor in
which gas separately mixes with each of the sealant

components.

[00041] Fig. 19 shows yet another modified spray adaptor in

which gas mixes with both of the sealant components after the

components are mixed together.

iy

[00042] Fig. 20 is a top perspective view of an alternative

actuating member, with portions of the apparatus being shown
removed to aid illustration.

[00043] Fig. 21 1s a right side perspective view of the

actuating member shown in Fig. 20.

[00044] Fig. 22 is a left side perspective view of the

actuating member shown in Fig. 20.

[00045] Fig. 23 1s a top view of the actuating member shown

in Fig. 20.

[00046] Fig. 23A 1s a cross-sectional view taken along plane

23A shown in Fig. 23.

100047] Fig. 24 is a rear view of the actuating member shown

in Fig. 20.

gy

[00048] Fig. 25 is a right side view of the actuating member

shown in Fig. 20.
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[00049] Fig 26 is a left side view of the actuating member
shown in Fig. 20.

[00050] Fig. 27 1s a bottom view of the actuating member
shown in Fig. 20.

[00051] Fig. 28 is a view similar to Fig. 26 further
including a plunger member associated with the actuating
member.

[00052] Fig. 29 is a view similar to Fig. 28 except that it

includes a different plunger member having a larger diameter

size than that shown Fig. 28.

[00053] Fig. 30 is a view similar to Fig. 29 except that it

-

includes an alternate plunger member having a larger diameter

size than shown in Fig. 29.

[00054] Fig. 31 is a top perspective view of an alternate

gy

embodiment of an apparatus of the present invention, with

it

portions of the apparatus being shown removed to aid

illustration.

[00055] Fig. 32 1is a top perspective view of a yet further

embodiment of an apparatus of the present invention.

Description of the Preferred Embodiments

[00056] In accordance with one aspect of the present

invention, Fig. 1 generally illustrates a system for applying

sealant, such as tissue sealant, to a work surface, such as

bioclogical tissue. The system preferably includes a tissue

sealant apparatus, generally indicated at 2, a control unit,
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generally indicated at 4, and a pressurized, sterile gas or
alr supply source, generally indicated at 6. Each of these
structures will be described in further detail below in
accordance with various aspects of the invention.

[00057] In Fig. 1, the tissue sealant apparatus 2 includes a

distal end, generally indicated at 12, and a proximal end,

generally indicated at 14. The apparatus 2 is preferably

connected to the control unit 4 by first and second gas
passageways 8 and 10, respectively, which may be formed, at

least in part, by tubing which preferably connects the control

unit 4 and the apparatus 2. Generally, the first gas

passageway 8 1s associated or fluidly communicates with the

distal end 12 of the apparatus and the second passageway 10 is

associated with or fluidly communicates with the proximal end

14. Ends 15 of the tubing may have different shaped ends,

such as male or female type connectors, where they are

attached to the control unit 4 so as to allow for removable

connection of the tubing to the control unit and prevent

improper loading of the tubing on the control unit. The

apparatus 2 1s preferably constructed so that it may be easily

disposed of after use.

[00058] The control unit 4 is preferably connected to the

gas supply source 6 using a supply passageway 16 which extends

from the control unit 4. It 1s also possible that the gas

supply source 6 may be incorporated integrally with the

control unit 4. The control unit 4 preferably supplies gas
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Co one or both of the gas passageways 8 and 10, and which will
be described in further below. The supply of gas may have a

pressure range of approximately 3.5 to 7 bar, although other

ranges are also possible. The control unit 4 further may
include a pressure control knob 18 for manually controlling

the pressure of gas supplied to the apparatus through at least

one of the first and second gas passageways 8 and 10 and

preferably the first gas passageway 8. A pressure gauge 20

may allow for visible monitoring of the pressure of the gas in

the first gas passageway 8 to facilitate the setting of the

desired pressure. In a preferred embodiment, the desired
pressure ranges from 0.1 to 3 bar and the pressure gauge may
indicate pressures from 0.0 to 4.0 bar.

p—m

[00059] As shown in Fig. 2, the rear surface of the control

unit 4 may include a horizontally-disposed clamping member 22

and/or a vertical-disposed clamping member 24 having a biasing
member 26 to assist attachment of the control unit to a table,
rod, pole or other horizontally or vertically-disposed

clamping surfaces during use.

[00060] In a further aspect of the present invention, the

apparatus 2 of Fig. 1 generally includes an elongated body 28

having a proximal end, generally indicated at 27 and a distal

end, generally indicated at 29. By way of example and not

limitation, Figs. 1 and 3 show the elongated body 28 defining

two 1nterior bores 30 and 32, for example, an apparatus of the

type having a double-barrel syringe applicator where each
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barrel contains a tissue sealant component. Each bore 30 and
32 1s adapted to contain a component of the tissue sealant.
For example, each bore may contain one of fibrinogen or

thrombin or other like tissue sealant components. The

illustrated structure is shown by way of example and not
limitation and it is realized that other structures are also
possible. For example, the apparatus may employ alternative
structures, such as single and multiple interior bores, and
such structure may depend on the type of sealant employed.
[00061] As shown in Fig. 3, a frame 34 preferably carries

the interior bores 30 and 32 within a corresponding cavity 36

and 38 so that the interior bores extend along an axis

parallel to each other. The frame 34 may also define slots 40

and 42, shown in Fig. 3, at a proximal end of the frame in

which a flanged end 44 and 46 of the corresponding bore 30 and

32 is received. A piston 48 and 50 is movably positioned in

each respective interior bore 30 and 32.
[00062] A pusher member, generally indicated at 52, is

operatively associated with the pistons 48 and 50 and includes

plunger members 53 and 54 that extend through the proximal end
of each bore 30 and 32 corresponding to each piston 48 and 50.

Movement of the pusher member 52 toward the distal end 12 of

the apparatus 2 simultaneously moves the pistons 48 and 50 to

eject the tissue sealant contained therein. As shown in Figs.

8 and 9, an extension arm 56 may be provided which extends

proximally from the frame 34 parallel to the plunger members
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52 and 53 to a proximal platform 58 of the pusher member 52
and is slidably attached to the frame to allow for movement of

the pusher member 52 relative to the body 2. In Figs. 3-4, a

flanged end 60 and 62 of each respective plunger member 53 and
54 may be received in a corresponding slot 64 and 66 (also
shown in Figs. 12-13) defined in a distal surface 68 of the
proximal platform 58, so as to synchronize the movement of the

plunger members 53 and 54 by pressing on the pusher member 52.

In an alternate embodiment, the pusher member 52 may be

comprised of integrally attaching the plunger members 53 and
54 with proximal platform 58.

[00063] As shown in Figs. 10-12, the pusher member 52 is

provided with a proximal surface 70 which includes two ridges

72 spaced from one another extending from a bottom edge 76 to

a top edge 78 of the pusher member 52. As shown in Figs. 11

and 12, a ramp 74 is preferably positioned on each ridge 72

and 1s spaced between the top and bottom edges 76 and 78. 1In

Fig. 12, the ramp 74 forms an inclined surface which extends

from a recessed edge 79 defined near the bottom edge 76 to a

notch 80 defined near the top edge 78. Preferably, each ramp

notch 80. As shown in Figs. 10 and 11, two channels, grooves

or the like 82 and 84 are preferably formed in the proximal

surface 70 in the valley defined between the ridges 72. The

channels 82 and 84 extend into the proximal surface 70 in a
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distal direction at an oblique angle, as best shown in Fig.
10.

[00064] Turning to Figs. 4-5, an actuating member, generally
indicated at 86, is cooperatively associated with the pistons

48 and 50 to eject sealant. By “cooperatively associated” it

18 meant that the actuating member may be part of the
structure that actuates the ejection the sealant or the

actuating member may be operatively attached to or carried by

such structure or may be separate from the structure but
interactive:directly or indirectly with such structure. 1In
Figs. 4-5, the actuating member is preferably removably
carried by or mounted to the pusher member 52. It is also
possible for the actuating member to be formed integrally with

the pusher members (as shown in Figs. 22-31) and/or with other

elements of the apparatus (as shown in Fig. 32). In Figs. 4-

punien
p—

5, the actuating member is connected to the proximal end of

the pusher member 52 although other locations are also

possible.

[00065] The actuating member is also operative to actuate a

supply of gas to create a spray discharge, simultaneously with

the ejection of tissue sealant. It is contemplated that the

actuating member may be operable to actuate a spray discharge

in a variety of ways. Actuation by the actuating member may

be provided by air, pressure, electricity and other

mechanisms. By way of example and not limitation, it is

the actuating member may be operated for

L

possible tha
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actuation by an electrical switch or the like. Actuation may
also be triggered by a variation in a control gas pressure,

either by an increase or decrease. This description is not

exhaustive of the techniques which may be employed to create

actuation of a spray discharge and it is realized that other

variations are possible in addition to those discussed herein.

[00066] Preferably, the actuating member comprises a second

gas passageway that includes an opening which permits gas

flow. The second gas passageway may be placed in fluid

communication with the supply signal input of the gas supply

device. Upon user actuation of the actuation member to move

the piston, the opening is restricted, generating the supply

signal to the gas supplying device. In Fig. 6, the actuating

member 86 preferably includes a proximal portion 88 which

defines a user-contact surface and a distal portion 90 which

attaches to the pusher member 52. Although the user-contact
surface will be described by specific structures below, these
are shown by way of example and not limitation. It is

contemplated that the user-contact surface may be associated

with a manually or electrically-actuated switch which causes a

variation in gas or pressure or generates an electrical signal

SO as to actuate the supply of gas to the first gas passageway

8. It 1s also possible that the user-contact surface may be

assoclated with different portions of the actuating member 86

other than the proximal portion 88.
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[00067] In Figs. 6-7, the proximal portion 88 preferably
includes a depression 92 having a concave shape or
configuration that is adapted to receive a user’s finger, such
as a thumb. The depression 92 may include a tubular
protrusion 94 positioned in the depression 92 such that the
user’s finger generally contacts this protrusion 94 during

ejection of tissue sealant. In Fig. 6, the protrusion 94 is

preferably defined around an opening 96. As shown in Fig. 5,

the actuating member 86 preferably forms a portion of the

second flow passageway 10 and the opening 96 permits gas flow

Lo or from the second gas flow passageway 10. Upon user
actuation of the actuation member to move the piston, the

opening is restricted, generating the supply signal to the gas

supplying device.In Fig. 5, tubing which preferably defines

another portion of the second flow passageway 10 fluidly

communicates with the actuating member 86 by connection to a

Llow port 102 defined in the actuating member on one sgide

thereof, as shown in Fig. 6. Although the positioning of the

opening 96 and the flow port 102 are shown in Figs. 5-7 on the

proximal portion 88 and a side portion, respectively, of the

actuating member 86, other variations are also possible.

[00068] As shown in Fig. 7, the actuating member 86

preferably defines two parallel ribs 98 and 99 extending from

the distal portion 90. The ribs 98 and 99 may extend between

the side edges 97 and preferably are generally symmetrical

about a lateral line A. The actuating member 86 also
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preferably includes two angled projections 100 and 101 which

are positioned between the ridges 98 and 99 and extend 1in a

distal direction at an obligue angle. The projections 100 and

101 generally are symmetrical about a vertical line B. As
shown in Fig. 10, each projection 100 and 101 is preferably
shaped and angled to be received by the corresponding channels

82 and 84 such that the actuating member 86 1s removably

attached to the pusher member 52. Other fastening structures

may be employed to connect the actuating member other than the
structures shown and described. Further, attachment may be
provided by a projection formed in the pusher member 52 which

igs received by the actuating member 86.

[00069] As shown in Fig. 10, the actuating member may be

removably attached by glidably inserting the projections 100
and 101 into the corresponding channels 82 and 84. With

reference also to Fig. 11, during insertion, the ribs 98 and

99 traverse the ridges 72 and ramps 74 until the leading rib

98 is received by the notches 80 and the following rib 99

engages the recessed edge 79. The projections 100 and 101
engage channels 82 and 84. The inclined surfaces of the ramps
74 preferably contact the leading rib 98 causing the actuating
member to slightly flex in a leaf spring-like manner and

provide increased resistance to movement as the incline

increases. Such that, when the rib 98 slides past the ramps

74 and engages the notches 80 and rib 99 slides over the ridge

72 and engages the recessed edge 79, the user feels less
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resistance and, more preferably, feels a tactile sensation and
possibly an aural indication. The actuating member 86 may be
slidably removed by the user urging the rib 98 out of notch 80
and along the ramps 74 and moving the rib 99 out of the
recessed edge 79. The ribs 98 and 99 preferably have

sufficient flexibility to permit slidable insertion and

removal. It 1s also possible to attach the actuating member

to the pusher member 52 in an orientation 180 degrees rotated

relative to orientation shown in the drawings, for example,

where it is desired that the tubing may extend from the other
side of the actuating member.

[00070] Turning to Figs. 8 and 9, a spray adaptor 104 is

provided that is preferably carried by or connected to the

distal end 29 of the body. 1In Fig. 8, distal outlets 106 and

components and for communication with the spray adaptor 104.

Regpective sealant passageways 110 and 112 may be formed in

—

the spray adaptor 104 to communication of sealant from the

respective interior bores 30 and 32. The spray adaptor 104

may define separate outlets 114 and 116 for each sealant

component, as shown in Fig. 8, or, alternatively, may allow

ejection of a mixed component stream, as shown in Fig. 19, in

which the mixture of the components is provided inside the

spray adaptor 104. It is contemplated that the spray adaptor
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104 in Figs. 8 and 9 shown by way of example and not
limitation, and other configurations are possible.
[00071] In Fig. 9, the spray adaptor 104 also preferably
forms a portion of the first gas passageway 8 and preferably

connects to the tubing that forms another portion of the first

das passageway 8. In Figs. 8 and 9, the spray adaptor 104

defines a gas flow path 118 which communicates with a gas

outlet 120. 1In Figs. 8 and 9, a portion of the gas flow path
118 prerferably has an annular or circular shape, although

other shapes are also possible, such as, for example, oval,

oblong, or the like. Figs. 8 and 9 also show the gas outlet

120 disposed around the sealant outlets 114 and 116 although

other variations are also possible including where a separate

gas outlet 1s disposed around each sealant outlet. It is

possible for the gas to mix with at least one of the sealant

components either before or after the components are mixed

together. 1In Figs. 17-18, gas mixes with one of the sealants,
as in Fig. 17, and or two sealants, as in Fig. 18, before the
sealant components are mixed together and, in Fig. 19, gas

mixes with an already mixed sealant upstream of a combined gas

and sealant distal outlet. The operation of the actuating

member 86 preferably provides a supply of gas to the spray

adaptor 104 through the first gas passageway 8 simultaneously
with the ejection of sealant.

[00072] In accordance with another aspect of the present

invention, a sealant applicator assembly 122, as best shown in
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Fig. 1, is provided that includes a spray adaptor 104, a first
gas passageway 8 and an actuating member 86, as shown and
described above. These structures of the sealant applicator
assembly preferably are attached to one another 1n the

configuration shown in Fig. 1, and may be sold as a disposable

set for use with a double-barrel syringe plunger structure for
ejecting tissue sealant, similar to the syringe plunger

astructure shown and described above, or other like structures.

The spray adaptor and actuating member of the sealant
applicator assembly are preferably removably attached to the

appropriate locations of the syringe plunger structure,

similar to the above description. By way of example and not
limitation, the syringe plunger structure may be used and

adapted for use with other sealant applicator assembly

disposable sets which contain other adaptors, such as a

catheter or cannula, or other adaptors for that provide a

p—

spray or non-spray discharge of tissue sealant. It 1s also

possible for the syringe plunger structure to be included with

the sealant applicator assembly as a combined disposable set.

[00073] In accordance with a yvet further aspect of the

present invention, the control unit 4 may be provided for use

o

with any of the described system and apparatuses. As shown in

Fig. 1, the control unit 4 is cooperatively associated with
the apparatus to simultaneously activate the supply of gas
with the ejection of tissue sealant. By way of example and

not limitation, Figs. 14-16 show an example of the control
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unit 4 which may be used to supply and control gas to the

first and second gas passageways 8 and 10. It is contemplated

that this description is not exhaustive and that modifications

to the control unit 4 are possible and will depend on the

structures employed to apply tissue sealant and how they are

operated or actuated, such as for example, by pneumatic,

electric, or other types of actuation techniques.

[00074] As shown in Fig. 14, the control unit 4 may be

supplied by gas from the gas supply source 6 through a supply

passageway 16. The incoming gas supply may be filtered by a

filter IFl. The supply of gas may flow to a first flow branch
126 and a second flow branch 128. Each flow branch 126 and

128 preferably includes a corresponding pressure regulator PRI

and PR2. Each pressure regulator preferably i1s configured to

monitor the pressure along its respective flow branch and may

further be adjustable to accommodate variations in tubing,

such as the inner diameter and length of such tubing.

g

[00075] In the first flow branch 126, the pressure of gas

preferably is adapted for manual control and/or adjustment by

the user by way of the pressure control knob 18, as shown in

Fig. 1. In Fig. 14, a pressure gauge PGl, as also shown at

20 in Fig. 1, and a flow controller FC2 may also be provided

to monitor the pressure, which preferably may be in the range

of approximately 0 to 3 bars, and more preferably may be in

the range of approximately 2 to 3 bars. In Fig. 14, the first

flow branch 126 preferably includes an outlet 127 which 1s
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adapted for communication with the first flow passageway 8 so
as to control the desired spray discharge pressure and further
includes a pressure safety switch PS1 and a supply valve V1.
The supply valve V1 may be normally biased to a closed
position such that no gas is supplied to the first gas
passageway 8 and, thus, no spray discharge is created. The
pressure safety switch PS1 and supply valve V1 will be

described in further detail below.

[00076] In Fig. 14, the second flow branch 128 may include a
corresponding flow controller FCl and preferably maintains a

control gas pressure. The control gas pressure is preferably

Q)

. predetermined pressure or pressure range, which may be set
during the manufacturing process. The control gas pressure

preferably is in the range of approximately 0.01 - .20 bar,

and more preferably in the range of approximately 0.05 - 0.15

bar. With reference to Figs. 4-5, the control gas pressure is

preferably supplied through an outlet 129 (Fig. 14) to the

second gas passageway 10 to exit the opening 96 defined in the

actuating member 86. The control gas pressure is preferably

sufficient to provide a tactile sensation to the user’s finger

SO as to 1lndicate to the user when such finger is positioned

over the opening 96. Alternatively, it is also possible for

the control gas pressure to be maintained under conditions

such that gas does not exit the opening 96.
[00077] Ags shown in Fig. 14, the control unit 4 further

preferably comprises a pressure switch PS2 which communicates
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with the flow branch 128. The pressure switch PS2 is
preferably operably associated with the supply valve V1 which
communicates with the other flow branch 126. The pressure
switch PS2 is operable to open the supply valve V1 such that

gas 1g supplied to the first gas passageway 8 thus providing a

spray discharge of tissue sealant. The pressure switch PS2

preferably activates to open the valve in response to

receiving a control signal from the apparatus. The control

signal is created when the user-applied force is supplied to

eject tissue sealant.

[00078] The user-applied force simultaneously causes a

variatlon in pressure. Such user-applied force preferably

restricts or occludes the exit of gas from the opening 96 so

as to prevent gas from exiting the opening and cause an
increase in pressure sufficient for the control signal to be
received by the pressure switch. Alternatively, in an

alternate embodiment, it is possible that the user-applied

force may trigger a decrease in pressure if the user-applied

force allows gas to be released from the opening which

otherwise does not exit the opening 96. The pressure switch

P52 preferably monitors for such variation in pressure in the

second gas passageway 10 and activates to open or close the

valve 1n response to such variation in pressure. The

resulting spray discharge provides a combined gas and tissue

sealant spray from the distal end of the apparatus 2. When

the user-applied force is removed, the ejection of tissue
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sealant may stop immediately, or, alternatively, the supply of
gas may be stopped after a predetermined time delay.
[00079] As shown in Fig. 14, a timing delay control member

PFC1 may be operatively connected to the control unit 4, such

as the pressure switch PS2. The timing delay control member

PFC1l preferably prevents the pressure switch PS2 from closing

the valve for a predetermined period of time after the user

applied force is removed. In Fig. 14, the timing delay

control member PFC1l preferably communicates with the flow

passageway 118 (shown in Figs. 8-9) and may utilize additional

g—"

tubing 130. Preferably, the time delay is within the range of

approximately 0.1l seconds to 0.9 seconds and, more preferably,
approximately 0.5 seconds. The time delay provides a
discharge of gas after the user has stopped the ejection of

tigsue sealant. The additional gas discharge may be helpful

in dislodging any remaining tissue sealant from the distal end
of the apparatus so as to prevent clogging or fouling of the

distal end.

[00080] As further shown in Fig. 14, a pressure safety

switch PS1 may communicate with the flow passageway 126 and
provided for overpressure protection. The pressure safety

switch preferably prevents the pressure of the supply of gas

to the apparatus from exceeding a predetermined threshold
level. When the threshold level 1s reached, the supply of gas

to the distal end of the apparatus may be automatically shut

off.
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[00081] Figs. 15 and 16 illustrate a flow chart and

schematic of an electrical circuit which may be used in

connection with the operation of the pressure switch PS2 and
the supply valve V1, as described above. As shown in Fig. 16,
the pressure switch PS2 is connected to a main power supply,
such as a battery. A battery LED indicator may be used to
indicate when the battery is running out of the necessary

charge. As shown in Figs. 15 and 16, the activation of the

pressure switch PS2 closes the electronic circuit so as to

supply voltage to the valve V1, thus, opening the wvalve V1.

In Fig. 16, the voltage which is supplied to the wvalve V1 is

compared to a predetermined threshold voltage Vouresuorn. If the

voltage exceeds the threshold voltage Vygresmorp, then the

pressure safety switch PS1 overrides the pressure switch PS2
and closeg the valve V1.

[00082] The pusher member may be integral with the actuating

member. Alternatively, the pusher member may be separate from

and adapted to be cooperatively associated with the actuating
member. An alternative embodiment of an actuating member,
generally indicated at 140, is shown in Figs. 20-30 for use
with an apparatus similar to the apparatus described in Figs.
1-16. Such embodiment is similar to the embodiment described
in Figs. 6-7, except that the embodiment in Figs. 20-30

includes an actuating member 140 which is formed as an

integral part of the pusher member or members that are

associated with a conventional syringe piston construction.
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Accordingly, those portions of the apparatus which are
identical to those portions in Figs. 1-16 will not be
repeated.

[00083] In Figures 20-30, the actuating member 140 includes
a proximal or top portion 142 which defines a user-contact

surface and a distal portion or underside 144 which attaches

to plunger members 146 and 148 of the syringe(s). In Fig.

23A, the actuating member 140 may define a gas passageway 150

which extends between first and second ends 152 and 154. The

first end 152 may be defined in the user contact surface 142

(as shown in Figs. 20-24) and the second end 154 of the

passageway 150 may be defined along a side edge of the
actuating member extending between the proximal and distal
portions 142 and 144 (or top side and underside, respectively)
(see Figs. 21, 23A and 25 or elsewhere that is convenient).

With reference to Fig. 20, the second end 154 of the

passageway 150 preferably communicates via tubing 156 to a
control unit and gas or pressure source (such as indicated at
4 and 6 in Fig. 1).

[00084] In Figs. 20-24, the proximal portion or user-contact
surface 142 has a contoured surface different than that shown

in Figs. 1-13. Although other contours are also possible, and

the present application is not limited to the contoured

surfaces shown herein, the proximal portion 142 in Figs. 20-24

preferably includes a raised central portion 158 in which the

first end 152 of the passageway 150 may be defined and concave
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portions 160 which extend to each side of the raised portion

158. As shown in Fig. 24, the first end 152 of the passageway

150 may terminate slightly above the raised portion 158 so

that the user may determine the location of the first end 152

o~

based on tactile feel. Alternatively, for example, the first

end 152 may be recessed or flush with the raised portion 158.
[00085] As shown in Figs. 22, 23A and 26-30, the distal
portion or underside 144 includes laterally disposed slots
162, 164 and 166 for receiving plunger members 146 and 148
having differently sized flanged ends. As best seen in Figs.
28-30, small, medium and large diameter-sized flanged ends may

be received in correspondingly-sized slots 162, 164 and 166.

The size of the flange is typically different for different

size (volume) syringes. This allows one actuator to

accommodate different syringe sizes (volumes) that may be
needed for different procedures. As shown in Figure 27, each
of the slots 162, 164 and 166 may be sized and configured to
recelve a single plunger member or a pair of plunger members

oriented in a side-by-side relationship.

[00086] In accordance with the above described invention,
the embodiment of Figs. 20-30, may be associated with the

control unit 4 (as shown in Fig. 1) to supply and control gas

from a gas source. In Figs. 20-30 the gas passageway 150 is

occluded by the user when the user’s thumb is placed over the

second opening 152 formed in the user-contact surface 142. In

accordance with previously described embodiments, the gas
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passageway 150 may fluidly communicate with the control unit

and/or gas or pressure source (e.g., indicated at 4 and 6 in

Figure 1) via tubing 156 connected to the second end 154 of

the gas passageway 150. In Figure 20, such connection may be

achieved by attaching an end of the tubing 156 having a

projection or hook 168 which engages a behind a ramped detent

or lug 170 on the user contact surface 142. Other types of

fastening structures are also possible and are not limited to
those shown and described. In accordance with the invention

described above, when the second opening 152 is occluded by

the user, a supply of gas is preferably supplied to the distal

end of the applicator via appropriate tubing (e.g. as

indicated at 8 in Figure 1).

[00087] In Fig. 31, an apparatus, indicated generally at

172, includes an actuating member 174 which is also combined

with the pusher member, similar to the previously described

embodiments, and includes a top side or user-contact surface

176 having a contour similar to that shown in Figures 1-13 and

distal or underside portion 178. Similar to the embodiment

QU

shown in Figs. 1-13, the embodiment in Fig. 31 includes a

frame 180 having a slidable extension arm 182 and includes a

pair of adjacent hollow cavities 184 and 186. The cavities

184 and 186 receive respective cylindrical bores (not shown)

containing tissue sealant components. The distal portion (or

underside) 178 of the actuating member 172 preferably includes

two slots 190 and 192 which each slidably receives a flanged
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end of a plunger member extending proximally from each fluid-

containing bore disposed in respective cavities 184 and 186.
[00088] Figure 32 shows an alternate tissue sealant
apparatus, indicated generally at 200. Such apparatus 1is
shown having a conventional gun-type applicator construction,
although other constructions are also possible. The apparatus

200 generally defines a body 202 and a handle 204. The body

202 defines respective cavities for receiving fluid-filled

cylindrical bores 206 having respective plunger members 208

extending therefrom. Each proximal end of the plunger member

208 ig received by a pusher member 210. An actuating member,

generally indicated at 212, is preferably operatively

associated with the pusher member 210. The actuating member

212 includes a lever 214 which may be distally located and
pivotally movable relative to the handle 204. The lever 214

may be operatively connected to the pusher member 210 by a

drive mechanism shown and described in U.S. Patent No.

6,585,696, which is assigned to Baxter International Inc., the

assignee of the present application, and which patent is

incorporated herein by reference. Accordingly, such mechanism

need not be described further.

[00089] In Fig. 32, the lever 214 is preferably pivotally

connected to the handle 204. The lever 214 may be pivoted in

a direction towards and/or away from the handle 204 for

actuation. The lever 214 also preferably defines at least a

portion of a gas passageway 216. A first end or opening 218
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of the passageway 216 1s preferably defined in a distal

portion of the lever 214. To activate the supply of tissue
sealant, the user may cover or occlude the first end 218 of
the passageway 216, such as with an index finger. A second
end 220 of the passageway 216 preferably connects to a supply
of gas via tubing 222 which preferably defings another portion
of the gas passageway 216 so as to provide gas or pressure to
the passageway 216. A supply of gas is also preferably
supplied to the distal end of the apparatus 200 via

appropriate tubing 224.

[00090] During operation of the apparatus 200 in Fig. 32,
the lever 214 pivotally moves to eject tissue sealant from the

bores 206 through the spray end 226 of the device. Gags or

pressure may be simultaneously supplied to the spray end 226

through tubing 224 upon occlusion of the opening 218 formed in

the lever 214, in accordance with the above described

invention. The supply of gas may be stopped, either

immediately or with a time delay, when the user stops

occluding the opening 218, also in accordance with the above
described invention.

[00091] 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

drawings. Variations of these structures may be embodied in

other structures for carrying out application of tissue

sealant.
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What i1s claimed:

1. A sealant applicator assembly for use with an apparatus
of the type having an elongated body defining an i1nterior bore for
containing sealant and having proximal and distal ends, a piston
movably positioned 1in the bore, and a pusher member operatively
assoclated with the piston extending through the proximal end of the
bore, the sealant applicator assembly comprising:

a spray adaptor adapted to communicate with the bore of
the body and defining a distal outlet;

a first gas passageway cooperatively associliated with the
distal outlet, the first gas passageway configured to direct gas to
create a spray discharge of the sealant;

a second gas passageway which 1s adapted for
communication with a gas source; and

an actuating member adapted to be cooperatively
assoclated with the pusher member to eject sealant through the
distal outlet, the actuating member being operative to

simultaneously actuate a supply of gas to said first gas passageway

for creating a spray discharge of sealant and including a proximal
portion which defines a user—-contact surface, the surface defining
an opening to the second gas passageway, the opening providing flow

from the second gas passageway, the actuating member being engaged

to the pusher member.
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2. The sealant applicator assembly of claim 1 further
comprising a gas outlet surrounding the distal outlet and

communicating with the first gas passageway.

3. The sealant applicator assembly of claim 1 or 2 wherein

the actuating member 1ncludes at least a portion of the pusher

member that 1s formed integrally with the actuating member.

4, The sealant applicator assembly of claim 1 or 2 wherein

the actuating member 1s adapted to be removably carried by the

pusher member.

5. The sealant applicator assembly of any one of claims 1 to

4 further comprising a sealant passageway extending between said
bore and said distal outlet and wherein the first gas passageway

communicates with the sealant passageway upstream of the distal

outlet.

0. The sealant applicator assembly of any one of claims 1 to
5 wherein one portion of the first gas passageway i1s defined by the

spray adaptor and another portion of the first gas passageway is

defined by tubing which 1s connected to the spray adaptor.

7. The sealant applicator assembly of any one of claims 1 to

o wherein a portion of the second gas passageway 1is defined by the

actuating member and includes the opening that is varied by user

actuation of the actuating member.
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3 . The sealant applicator assembly of claim 7, 1n which upon
user contact with the actuating member to move the piston, the

opening in the second gas passageway 1s restricted.

9. The sealant applicator assembly of claim 1 in combilination
with the elongated body defining the interior bore for containing
sealant and having proximal and distal ends, the piston movably
positioned 1n the bore, and the pusher member operatively associated

with the piston extending through the proximal end of the bore.

10. The sealant applicator assembly of any one of claims 1 to
8 wherelin the actuating member 1s operable to generate a control
signal, the assembly further including a control unit operable upon
recelpt of the control signal to activate a flow of gas in
communication with the first gas passageway to create a spray

dlischarge of sealant.

11. The sealant applicator assembly of any one of claims 1 to
8 1ncluding use with a control unit operable upon receipt of a
control signal from the assembly to activate a flow of gas suitable
for communication with the first gas passageway to create a spray

discharge of sealant.

12. The sealant applicator assembly of claim 11 wherein the
control unit 1s adapted to generate a control gas pressure for
communicating with the actuating member through the second gas
passageway, such that the actuating of the actuating member to move

the piston varies the pressure in the second gas passageway, and the



CA 02593973 2013-02-13

42

control unit 1s adapted to activate said flow of gas 1n response to

the variation 1in pressure 1n said second gas passageway.

13. The sealant applicator assembly of claim 11 wherein the
control unit selectively controls a valve between a first condition
in which gas 1s supplied to the first gas passageway from the gas
source and a second condition 1n which no gas 1s supplied to the

first gas passageway from the gas source.



CA 02593973 2007-07-11

WO 2006/076427 PCT/US2006/000970
1/11




CA 02593973 2007-07-11

WO 2006/076427 PCT/US2006/000970
2/11




00000000000000000000
WO 2006/076427 PCT/US2006/000970




CA 02593973 2007-07-11

PCT/US2006/000970

WO 2006/076427

nwm PA*
Vi!z:li

148}

80l

S

S

SARNER

be
_A 8|

~( 2l
N
AN
NN

KN

TN
s

4/11




CA 02593973 2007-07-11

WO 2006/076427 PCT/US2006/000970
5/11

90 70 - 68

a0

:Q
o

-_m
NN N T T

-
. - W , | N\




CA 02593973 2007-07-11

PCT/US2006/000970

WO 2006/076427

6/11

GJIOHSIHHL A =39Y1710A

1 IATVA 35010 O
IA OL JOVII0A i«

sA1ddNS
HILIMS ALIJVS

194d 74
( i

N}
]

{
LY

8 01«48 €-0 AYUIS

ANTYA N340 OL

REIHI-IN,
IA O1 G311ddNS (< JINOMLOIIZ
Y LT0A S350713 €5d

MYd 2-g¢
1 ud {31 _ L0d NI EVO
204 m AVL Al O
— — 3
oz | 17| |-
1Sd ) 19d
e



CA 02593973 2007-07-11

PCT/US2006/000970

WO 2006/076427

7/11

wyll ||su
I.mvﬂm&ull HO.LYDIGN)
o a3
e | AHALIVE | _ ) K1ddnS
MIMOJ
€3J . C o NIvYW
| u|
syl L

q 12

GTOHSIYUHL A . . <




WO 2006/076427

CA 02593973 2007-07-11

PCT/US2006/000970
8/11

SEALANT
PASSAGEWAY

FIG.I7

MIXED .
SEALANT
FLow
77 § i | e
PATH SEALANT ~---’~(‘~!i!"

PASSAGEWAY

FIG.18
a PASSAGE WAY

AIRFLOW

o e < S EE e e e =<—1  PATH

MIXED AIR+ L4
SEALANT

SEALANT
PASSAGEWAY

SEALANT
E1G | BNy
Q

MIAED
AIR +
SEALANT



CA 02593973 2007-07-11

WO 2006/076427 PCT/US2006/000970
9/11

42,

-16.24

|42 152
|58 [60
\ sl Y,

B




CA 02593973 2007-07-11

WO 2006/076427 PCT/US2006/000970
10/11

II-IIII'"‘

W r———

||n|||'"nb




CA 02593973 2007-07-11

WO 2006/076427 PCT/US2006/000970
11/11

TO GAS
SUPPLY






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - abstract drawing

