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SYSTEMS, DEVICES, METHODS FOR DELIVERING HYDROGEL
COMPOSITIONS WITH SELF-PURGING TO PREVENT CLOGGING

(0001]

Field of the Invention

[0002] The invention generally relates to systems, devices, and methods for applying
compositions of materials that polymerize or cross-link at the instance of use, and, in particular, that
apply compositions of this type in the medical field.

Background of the Invention

[0003] Systems, devices, and methods for applying compositions of materials that
polymerize or cross-link at the instance of use typically consist of an applicator that brings together
two liquid components (e.g., albumin and PEG) into a spray tip. Within the spray tip, the liquid
components mix and begin a rapid polymerization process to form a hydrogel. As long as the operator
maintains the continuous flow of the two components into and through the spray tip, the spray tip will
not clog up. However, as soon as the operator stops the flow of the components, a residual amount of
the components remains within the spray tip and continues to polymerize into a solid hydrogel, and
thus clog the spray tip.

[0004] Conventional spray tip devices include a port for pressurized air to be directed
through the spray tip, to prevent the hydrogel from clogging within the spray tip. However, this

device is cumbersome and requires accessories such as tubing, a pressure regulator, and a pressurized

air source.

Summary of the Invention

[0005] The invention provides systems, devices, and methods that systematically remove
undischarged, residual mixtures of first and second liquid components from an outlet path of an

applicator.

0006] One aspect of the invention provides self-purging systems and methods for
delivering a hydrogel material formed by mixing first and second liquid components. The systems and
methods comprise an applicator sized and configured to mix the first and second liquid components

and form the hydrogel composition. The applicator includes separate inlet
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paths that separately convey the first and second liquid components subject to a selectively
applied application pressure P(A) into a single outlet path for mixing and formation of the
hydrogel composition for discharge from the single outlet path.

[0007] The systems and methods also include a purge assembly comprising a source of
liquid flushing agent subject to a substantially constantly applied purge pressure P(P), which 1s
maintained at a magnitude thatis less than P(A). The purge assembly turther includes a purging
path coupling the source to the single outlet path of the applicator to convey liquid flushing agent
into single the outlet path subject to the substantially constantly applied purge pressure P(P).

[0008] The purge assembly includes a valve assembly communicating with the purging
path and the single outlet path. The valve assembly 1s operable in response to localized pressure
conditions between 1irst and second tlow conditions.

[0009] The first flow condition permits the flow and mixing of the first and second
liqguid components but not the hiquid flushing agent 1in the single outlet path subject to the
application of P(A), for dispensing the hydrogel composition trom the single outlet path.

[0010] The second flow condition permits the flow of liquid flushing agent but not the
first and second liquid components 1n the single outlet path subject to the substantially constantly
applied purge pressure P(P), to continuously flush residual hydrogel composition from the single
outlet path.

[0011] The valve assembly i1s automatically placed in the first flow condition in
response to localized pressure conditions whenever P(A) 1s applied and 1s automatically placed in
the second tlow condition 1n response to localized pressure conditions during an interruption of
the application of P(A).

[0012] Features and advantages of the inventions are set forth in the following
Description and Drawings, as well as 1n the appended Claims.

Brief Description of the Drawings

[0013] Fhg. 1 1s an exploded perspective view of a system delivering a hydrogel
composition with a selt-purging assembly.

[0014] Fig. 2 1s an assembled perspective view of the system shown in Fig. 1.

[0015] Fig. 3 1s a perspective view of the system shown in Fig, 2 in use, with the purge
assembly 1n a first flow condition permitting the flow and mixing of the first and second liquid
components within an applicator to form and dispense the hydrogel composition, but not

permitting the flow ot a hiquid tlushing agent into the applicator.
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[0016] Fig. 4 1s a perspective view of the system shown in Fig. 2 in use, with the purge
assembly 1n a second tlow condition permitting the tlow of liquid flushing agent subject to a
substantially constantly applied purge pressure to continuously flush residual hydrogel
composition from the applicator.

Description of Preferred Embodiments

[0017] This detailed description is meant to be illustrative only and is not meant to limit
the invention. For example, a dual barrel syringe system 18 disclosed. Three barrel systems, or
other systems and arrangements may also be used.

[0018] Figs. 1 and 2 show a system 10 for delivering a material that is formed from two
or more liquid components 12 and 14, which are mixed at the instance ol use. When mixed, the
liquid components begin a rapid polymerization process to form a hydrogel composition 16, as
[1g. 3 shows.

[0019] The components 12 and 14 can vary. For example, the first component 12 can
comprisc a liguid matcrial having onc or morce nuclcophilic (clectron donator) groups. 'The
second component 14 can comprise a liquid material having one or more electrophilic (electrode
withdrawing) groups. As Fi1g. 3 shows, the formative components 12 and 14, upon mixing, Cross-
link, transforming from a liquid state to a biocompatible hydrogel composition 16 (in a process
called *‘gelation™).

[0020] After gelation, the hydrogel composition 16 exhibits desired mechanical
properties that can include adhesive strength, cohesive strength, and elasticity. In arepresentative
embodiment, the hydrogel composiuon 16 1s intended for use 1in the medical lield. In this
arrangement, depending upon its mechanical properties, the hydrogel composition 16 can be
used, e.g., as a tissue sealant, a tissue adhesion barrier, a tissue void filler, or a carrnier for a
therapeutic agent.,

[0021] In onc representative cxample, the nuclcophilic first component 12 can comprisc
a protein solution (e.g., albumin) and the second electrophilic component 14 can comprise a
polymer (e.g., poly(ethylene glycol) or PEG).

[0022] The delivery system 10 includes a dual syringe assembly 18. The dual syringe
assembly 18 can be conventional in construction and 1s shown 1n Figs. 1 and 2 tor illustration
purposes only. The dual syringe assembly 18 includes a pair of side-by-side syringe barrels 20
and 22. One barrel 20 1s sized and configured to recerve the first iquid component 12, and the

other barrel 22 1s sized and configured to receive the second liquid component 14. A syringe
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piston 24 and 26 1s advanceable within each syringe barrel 20 and 22, respectively, to dispense
the respective component 12 and 14 from the dispensing end of the respective barrel 20 and 22,

[0023] The syringe pistons 24 and 26 are joined by a clip 28. The syringe clip 28
mechanically links the syringe pistons 24 and 26 together for common advancement inside their
respective syringe barrels 20 and 22. The operator 1s thereby able to hold and operate dual
syringe barrels 20 and 22 1n the same way as a single syringe barrel.

[0024] The system 10 includes an applicator 30. The applicator 30 includes at one end a
pair ol luer-type litungs 32 that couple (o the dispensing ends ol the syringe barrels 20 and 22.

[0025] The applicator 30 includes interior channels 34 and 36 coupled (o the luer
fittings 32. The channels 34 and 36 merge at a Y-junction 38 into a single outlet path 40. The
applicator 3() maintains two liquid components 12 and 14 dispensed by the dual syringe barrels
20 and 22 separate until they reach the Y-junction 38. The clip 28 ensures even application of
individual components 12 and 14 through the applicator at a given application pressure P(A).

[0026] At the Y-junction 38 and then through the outlet path 40, the two components 12
and 14 mix and cross-link while tlowing subject to the application pressure P(A) 1n the hiquid
state, in a process that will, in shorthand, be called “channel-mixing.” During channel mixing,
gelation begins to tform the hydrogel composition 16 as 1t 1s dispensed from outlet path 40, The
outlet path 40 can be sized and configured, e.g., to serve as a spray tip for discharging the
gelating hydrogel composition as a spray into contact with ussue,

[0027] The parts of the dual syringe assembly 18 and applicator 30 can be made, e.g., by
molding medical grade plastic materials, such as polycarbonate and acrylic.

[0028] Termination of the application pressure P(A) by operation of the dual syringe
assembly 18 can leave undischarged, residual mixtures of the first and second components 12 and
14 within the outlet path 40. The residual mixtures can undergo further gelation within the outlet
path 40 to form the hydrogel composition 16. Presence of the hydrogel composition 16 within the
outlet path 40 can clog or impede the subsequent passage of liquids through the outlet path 40.

[0029] To systematically remove undischarged, residual mixtures of the first and second
components 12 and 14 from the outlet path 40, the system 10 includes a purging assembly 42
coupled to the applicator 30. The purging assembly 42 includes a source 44 of a liquid tlushing
agenl 46, e.g., waler, and when used 1n the medical field, sterile waler. The purging assembly 42
also 1ncludes a purging path 48 that leads from the source 44 to the outlet path 40 of the

applicator 30. The purging path 48 communicates with the outlet path 30.
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[0030] The source 44 1s subject to an applied preselected purging pressure P(P). The
purging pressure P(P) 1s continuously applied and 1s selected to be less than the application
pressure P(A), for reasons that will be described later.,

[0031] The purging pressure P(P) normally urges the liquid flushing agent 46 from the
source 44 through the purging path 48 toward the outlet path 40.

[0032] Within the outlet path 40, the liquid flushing agent 46 discharges residual
mixtures of the first and second components 12 and 14 from the outlet path 40 at the purging
pressure P(P), betore gelation of the hydrogel composition substantially occurs. Clogging of the
oullet path 40 1s thereby prevented or moderated.

[0033] The purging assembly includes a first valve V1 in the purging path 48 between
the source 44 and the outlet path 40 of the applicator 30. The valve V1 operates 1n response to
localized pressure conditions within the purging path 48 between a closed condition and an
openced condition, In the closcd condition, the valve V1 prevents the pressurized tlow of the
liqud flushing agent 46 through the purging path 48. In the opened condition, the valve V1
allows the pressured flow of the liquid flushing agent 46 through the purging path 48. The valve
V1 1s sized and configured to assume the closed condition when pressure conditions in the
purging path 48 downstream of the valve V1 (1.e., toward the outlet path 40) exceed the pressure
conditions 1n the purging path 48 upstream of the valve V1 (1.e., toward the source 44),

[0034] The applicator 30 includes a second valve V2 in the channel 34 and a third valve
V3 in the channel 36 in an upstream flow direction from the Y-junction 38. Each valve V2 and
V3 operates 1n response to localized pressure conditions within the respective channels 34 and 36
between a closed condition and an opened condition. In the closed condition, each valve V2 and
V3 prevents the back flow of liquid through the respective channel 34 and 36 from the Y-junction
38 toward the syringe assembly 18. In the opened condition, each valve V2 and V3 allows the
flow of liquid through the respective channel 34 and 36 toward the Y-junction 38. Each valve V2
and V3 1s sized and configured to assume the closed condition when pressure conditions
upstream of the valve V2 and V3 in the respective channel 34 and 36 (i.e., toward the syringe
assembly 18) are less than the pressure conditions in the channels 34 and 36 downstream of the
valves V2 and V3 (1.e., toward the Y-juncltion 38 and outlet 40).

[0035] By selecting the purging pressure P(P) to be less than the application pressure
P(A) (as above described), the valve V1 will occupy the closed condition and the valves V2 and
V3 will occupy the opened condition whenever the dual syringe assembly 18 1s operated to apply

the application pressurce P(A), as Fig. 3 shows, comprising a first tlow condition. In the first flow

5.
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condition, during the application of the pressure ’(A), the two liquad components 12 and 14 enter
the channels 34 and 36 of the applicator 30, flow through the open valves V2 and V3 to converge
at the Y-junction 38, and proceed through the outlet path 40, undergoing channel-mixing. In the
first flow condition, during the application of the pressure P(A), the forming hydrogel
composition 16 1s dispensed from the outlet path 40. In the first flow condition, the valve V1 1s
in the closed condition -- because P(A) exceeds P(P) — and the liquid flushing agent 46 is
prevented [rom [lowing [rom the source 44 1nto the outlet path 40.

[0036] When the application pressure P(A) i1s removed, e.g2., when the operator seeks to
interrupt the discharge of the forming hydrogel composition 16 from outlet path 40, the pressure
conditions at the valves V1, V2, and V3 change, as I'1g. 4 shows, comprising a second flow
condition. In the second tlow condition, the pressure condition upstream of the valve V1 (1.e.,
the constantly apphed preselected purging pressure P(P)) exceeds the pressure conditions
downstream of the valve V1 (because the application pressure P(A) 1s no longer being applied).

[0037] As Fig. 4 shows, the valve V1 assumes the opened condition, and the valves V2
and V3 assume the closed condition, to thereby allow the pressured tlow of the liquid tlushing
agent 46 (1n some embodiments, a gas tlushing agent can be employed) through the purging path
48 and 1nto and through the outlet path 40, The liquid flushing agent 46 discharges residual
mixtures ol the [irst and second components 12 and 14 [rom the outlet path 40 at the purging
pressure P(P).

[0038] Because the purging pressure P(P) is constantly applied, the flow of the liquid
flushing agent into the outlet path 4() occurs substantially simultaneously with the cessation of the
application pressure ’(A). Therefore, the residual mixtures of the first and second components
12 and 14 are discharged tfrom the outlet path 40 by the tlow of the liquid flushing agent 46
before gelation of the hydrogel composition can substantially occur, Clogging of the outlet path
40 1s thereby prevented or moderated.

[0039] Thus, the assembly of valves V1, V2, and V3 is automatically placed in the first
flow condition 1n response to localized pressure conditions whenever P(A) 1s applied, and
conversely, the assembly of valves V1, V2 and V3 1s automatically placed 1n the second tlow
condition 1n response to localized pressure conditions immediately when an interruption of the
application of P(A) occurs.

[0040] The purging assembly 42 can be various arranged and constructed. As shownin
Figs. 1 and 2, the source 44 of the liquid flushing agent comprises a canister barrel 50 including a

piston 52 that 1s biascd by a spring 54 to advance within the camster barrel 50.

_6-
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[0041] In this arrangement, the purging path 48 includes a conduit that leads from an
outlet of the camister barrel 50 1into the outlet path 40 of the applicator 30. In the illustrated
embodiment, the purging path 48 includes a molded fitting 56 defining a lumen on the applicator
30, and a length of flexible tubing 58 coupled at one end to the fitting 56 (by a disconnecting luer
lock) and at the other end to the outlet of the canister 50 (which can include a disconnecting luer
lock as well). In an alternate embodiment, the canister S0 and purging path 48 can comprise
integrally attached components of the applicator 30. In this arrangement, the valve V1 can
include a conventional one-way check valve assembly that closes when pressure conditions
downstream of the valve V1 exceed the pressure conditions upstream of the valve V1, to prevent
a backilow of fluid through the valve V1, but that 1s otherwise open to allow a forward flow of
tluid through the valve V1. Likewise, the valves V2 and V3 can comprise conventional one-way
check valves.

[0042] In the illustrated embodiment, a manually operated safety valve VS 1s provided
upstream of the one-way check valve V1, to selectively toggle the purging assembly 42 between
an 1nactivated condition (by closing the safety valve VS) and an activated condition (by opening
the safety valve VS). When in the activated condition, the constantly applied purging pressure
P(P) provides a steady drip of liquid flushing agent 46 1nto the outlet path 40 1n the absence of
application pressure P(A) applied by the operator using the dual syringe assembly 18. The
constant drip actively clears the outlet path 40 whenever the dual syringe assembly 18 1s not in
use.

[0043] Alternate embodiments include the use of a pneumatic pressurized canister of
water to allow the constant drip. This embodiment replaces the use of a spring activated piston.

[0044] Another alternative embodiment allows the water canister to be housed away
from the applicator itself. In this arrangement, the water canister can comprise a separate
component, sized and configured, e.g., to placed on or alongside the patient, coupled by tlexible
tubing to the applicator. This allows the dual syringe assembly and applicator to be smaller and
lighter tor ease of use.

[0045] Another alternate embodiment includes using a different flushing agent besides
water. A [lushing agent that will slow gelation tme can allow [or better clearing of [aster gelling
compositions from the outlet path.

[0046] Another alternate embodiment allows, through selective operation of a safety
valve, a sudden, short purge of water through the nozzle to provide nozzle clearing. Instead of the

constant purgc, this cmbodiment may reducce the amount of water nceded and decreasc the size of

7.
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the overall system. In some embodiments, the sudden, short purge can be achieved through
subsequent operation of a flush trigger or button. In some embodiments, the sudden, short burst

of flushing agent 1s automatically generated when the syringe plunger stops moving forward. An

actuator can sense the lack of movement, activate a pulsed release of flushing agent.

[0047] The features of the invention are set forth in the following claims.
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We Claim:

1. A selt-purging system for delivering a hydrogel composition formed by mixing first
and second liquid components comprising,

an applicator sized and configured to mix the first and second liquid components and
torm the hydrogel composition, the applicator including inlet paths that convey the first and
second liquid components subject to a sclectively applied application pressure P(A) into an
outlet path for mixing and formation of the hydrogel composition for discharge from the
outlet path, and

a purge assembly comprising a source of liquid flushing agent subject to a
substantially constantly applied purge pressure P(P) that is maintained at a magnitude that is
less than P(A), and a purging path coupling the source to the outlet path to convey liquid
flushing agent info the outlet path subject to the substantially constantly applied purge
pressure P(P), the purge assembly further including a valve assembly communicating with the
purging path and the outlet path being operable in response to localized pressure conditions in
first and second flow conditions, the first flow condition permitting the flow and mixing of
the first and second liquid components but not the liquid flushing agent in the outlet path
during the application of P(A), for dispensing the hydrogel composition from the outlet path,
the second flow condition permitting the flow of liquid flushing agent but not the first and
sccond liquid components in the outlet path subject to the substantially constantly applied
purge pressure P(P), for continuously flushing residual hydrogel composition from the outlet
path, the valve assembly being automatically placed in the first flow condition in response to
localized pressure conditions whenever P(A) is applied, the valve assembly being
automatically placed in the second flow condition in response to localized pressure conditions

during an interruption of the application of P(A).

2. A system according to claim 1,
wherein the valve assembly includes a first valve element between the source and the
outlet path operable in response to localized pressure conditions within the purging path

between a closed condition and an opened condition, in the closed condition, the first valve
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element preventing pressurized flow of the liquid flushing agent through the purging path, in
the opened condition, the first valve element allowing pressured flow of the liquid flushing
agent through the purging path, the first valve element being sized and configured to assume
the closed condition when pressure conditions in the purging path downstrcam of the first
valve element exceed the pressure conditions in the purging path upstream of the first valve

element.

3. A system according to claim 2,

wherein the valve assembly includes second and third valve elements in the inlet paths
ot the applicator upstream of the outlet path, each second and third valve element operating in
response to localized pressure conditions within the respective inlet path between a closed
condition and an opened condition, in the closed condition, each second and third valve
element preventing the flow of liquid through the respective inlet path away from the outlet
path, in the opened condition, each second and third valve element allowing the flow of liquid
through the respective inlet path toward the outlet path, each second and third valve element
being sized and configured to assume the closed condition when pressure conditions upstream
of the second and third valve elements are less than the pressure conditions in the respective

inlet path downstream of the second and third valve elements.

4 A system according to claim 1,

wherein the valve assembly includes a first one-way valve element in the purging path
downstream of the source, and second and third one-way valve elements in the inlet paths for
the first liquid component and second liquid component, respectively, upstream of the outlet

path.

3. A system according to claim 1,
wherein the purge assembly includes a manually operable control element to

selectively enable and disable operation of the purge assembly.

10
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0. A system according to claim 3,
wherein the control element includes a valve in the purging path manually opcrable
between a closed condition disabling operation of the purge assembly and an opened

condition enabling operation of the purge assembly.

7. A system according to claim 1,
wherein the sourcc comprises a vessel, and wherein the substantially constantly

applied purge pressure P(P) comprises operation of a spring biased piston within the vessel.

8. A system according to claim 1,
wherein the source comprises a vessel, and wherein the substantially constantly

applied purge pressure P(P) comprises pneumatic pressure within the vessel.

9. A method for delivering a hydrogel composition comprising,

forming the hydrogel composition by conveying separate first and second liquid
components subject to a selectively applied application pressure P(A) into an outlet path for
mixing,

discharging the hydrogel composition from the outlet path by the application of the
pressure P(A), and |

coupling to the outlet path a source of liquid flushing agent subject to a substantially
constantly applied purge pressure P(P) that is maintained at a magnitude that is less than P(A),

establishing, in response to localized pressure conditions when P(A) is applied, a first
flow condition permitting flow and mixing of the first and second liquid components 1n the
outlet path, while simultaneously blocking the flow of the liquid flushing agent in the outlet
path, for dispensing the hydrogel composition from the outlet path, and

establishing, in response to localized pressure conditions when the application of P(A)
1s interrupted, a second flow condition permitting the flow of the liquid flushing agent in the
outlet path subject to the substantially constantly applied purge pressure P(P), while

simultaneously blocking the flow of the first and second liquid components into the outlet

11
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path, to continuously flush residual hydrogel composition from thc outlet path during an

interruption of P(A).

10. A method according to claim 9,
turther including selectively enabling or disabling the establishment of the second

flow condition.

I1. A self-purging delivery apparatus for a multi-component composition, the delivery
apparatus comprising:

an applicator comprising two or more interior channels each for separately conveying
one of the components and an outlet path which is fluidly connected to each of the interior
channels to facilitate mixing of the components therein;

a multi-barrel syringe, wherein each barrel defines a reservoir, and each barrel is
coupled at one end to one of the two or more interior channels of the applicator;

a single actuator coupled to each barrel such that application of an application pressure
P(A) causes each compone.nt to flow simultaneously from each reservoir, respectively, to the
interior channels and the outlet path;

a purge assembly comprising a source of liquid flushing agent, under a constant
pressure P(P), fluidly coupled to the applicator’s outlet path via a purge path to convey liquid
flushing agent into the applicator; and

one or more pressure-sensitive valve assemblies operatively coupled to selectively
close the purge path when the application pressure P(A) applied via the actuator is greater

than the constant pressurc P(P) of the source of the liquid flushing agent.

12. T'he apparatus of claim 11, wherein the purge path is coupled to the outlet path at a

location where comingling of the components occurs.

12
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