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A METHOD OF APPLYING A MIXTURE OF TWO LIQUID COMPONENTS

Technical Field

The present invention relates to a device and method for co-applying two
or more liquid components from separate containers via separate liquid
channels or tubes having separate outlets. In preferred embodiments the
present device and method are useful for co-applying fibrin sealant compo-

nents with a gas to form a spray.
-Background Art

US-PS No.4,359,049 to Redl discloses a double barrel syringe for applying
a tissue adhesive such as fibrin glue or fibrin sealant to a human or animal
in need thereof. The fibrin sealant described comprises predominantly two
major cdmpone'nts, a fibrinogen-containing component and a thrombin-
containing component, each in liguid form upon use. Essentially, the
thrombin and fibrinogen, when mixed, provide that the peptide chains of
the fibrinogen are cleaved and conditions are provided so that the resulting
fibrin polymerizes into a clot which is useful for sealing fluid and air leaks,
in haemostasis and to connect tissue. To avoid premature clot formation
double-barrelled applicators are employed which, of course, keep the two
components separate until application to a patient is required. The '049
patent discloses that pistons within the two cartridges, each containing

one component, can be commonly actuated to dispense fluid simultan-

eously from each.

Other prior art patents describe various mixing heads for mixing two or

more components used in these and other surgical sealants. For example,
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US-PS No. 5,116,315 assigned to Hemaldics describes a head where the
liquid conducts leading from the component cartridge enter a mixing cham-
ber fashioned so as to provide a swirling of the components before they
exit a common exit channel. Adequate mixing of the components is desired
so as to form a uniform fibrin sealant. Inefficient mixing resulits in the
coadministration of fibrinogen and thrombin which may only result in a
small yield of actual sealant. A difficulty with fibrin sealant applicators can
be the premature formation of the clot within the device, especially those
devices where the components are mixed within a mixing head andjor
those devices wherein the components exit through a common channel.
After the first spray of sealant is complete, a clot may block the exit chan-
nels rendering the applicator useless and greatly reducing the surgeon’s

fiexibility in carrying out the sealant part of the surgical procedure.

US-PS No. 4,631,055 to Immuno includes a gas conveying channel for
blowing a gas through the needle or mixing head during discharge of the
components. However, an even, uniform distribution of the materials over
the anatomical area of interest is still not achieved. Indeed, a significant

amount of the components are wasted.

EP-PS No. 592,242 to Edwardson et al. discloses the first completely
autologous fibrin sealant. It provides for the coadministration of a fibrin
monomer solution with a buffer solution conducive to polymerisation of the
fibrin monomer prepared in less than 30 minutes from a single source of
blood (preferably that of the patient to receive the sealant}. This break-
through technology provides a fixed amount of fibrin monomer solution
from a sample of about 140 to 160 mi of blood. Uniform and efficient
mixing is even more important in order to benefit from this safe, efficient,
autologous sealant product and therefore new devices and methods for

applying two or more components to form a surgical sealant would be
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useful addition to the art.

PCT Application WO 96/17618 discloses a device and a method of apply-
ing components of a fibrin sealant. The device comprises a source of a gas
and a reservoir for each component wherein the gas source and component
reservoirs can be actuated by common means. Each of the reservoirs and
gas source are separately in fluid communication with a spray head having
a center aperture at its outlet end and annular apertures, arranged concen-
tric with and radially outward from the centre aperture whereby the gas
and each of said components are discharged through separate apertures.
Preferably, the gas is discharged through the centre aperture and the fibrin
sealant forming components are discharged separately through each of the

annular apertures.

Brief Description of the Invention

In accordance with the present invention there is disclosed a method and
device for utilizing a gas to co-apply two or more liquid components with
enhanced uniformity of mixing of the components resulting in a more
homogeneous mixture of the components and a minimal amount of unuti-
lized components. The present device comprises a nozzle head having
outlets out of which the liquid components and gas are dispensed and
where the outlets are arranged in a straight line with the gas outlet at one
end of that line. Also disclosed is a device and method for applying two or
more liquid components, e.g., components which form a fibrin sealant,
wherein the sources of said components, and preferably the source of a

gas to be used, are in fluid communication with an applicator and are

remote from that applicator.

In the present method, the flow rates of the components and gas are
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selected such that the two liquid components are drawn or sucked into the
gas being expelled from the nozzle head as they exit their respective out-

lets of the nozzle head.

in this manner the two or more components are mixed outside the nozzle
before they are sucked into the gas jet since the component exiting the
outlet farthest from the gas outlet sucked across the outiet nearer to the
gas outlet. The components are further mixed in the gas jet and the mix-
ture and gas form a spray. In addition, the outlets are relatively small with
the result that a relatively small amount of the components is exposed to
the surroundings when the expelling is stopped. Furthermore, the clogging
tendency in the outlets is substantially eliminated since there is no mixing
of components in the nozzle head. Also the amount of the components -
remaining in said outlets after the application procedure is almost negligi-
ble. The latter factor is of vital importance in connection with a mixture of
an autologous fibrin monomer solution and a buffer solution where the
amount of fibrin monomer solution is relatively limited and accordingly

must be utilized to an optimum.

When the components are discharged at mutually differing volume flows,
it is according to the invention particularly advantageous to discharge the
component with the lowest volume flow through the outlet accommodated
farthest away from the gas jet. In this manner it is ensured that the com-
ponent being discharged with the lowest vo' ime flow is mixed with the
component being discharged with the highest volume flow before saic

components enter the gas jet in the mixed state.

The expelling of the components through the nozzle head may according to
the invention be carried out by means of an expelling means, which is

activated by means of an electronic control unit, and the expelling of the
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gas may be carried out by means of a pump also activated by means of the
electronic control unit, said electronic unit in turn being activated by means
of a signaller controlled by the user handling the nozzle head. As a resuit,
the expelling of the components and the gas can be carried out in a homo-

geneous manner at substantially constant volume flows.

In connection with a method using syringes with their respective expelling
piston as containers for the components, the interruption of the expelling
means through the control unit may according to the invention imply that
the control unit activates said expelling means to retract the pistons of the
syringes a short distance with the result that the components are retracted
a short distance from the outlets of the nozzle. As a result, the risk of the
two components coming into contact with one another and consequently

the risk of a clogging of the nozzle outlets have been considerably reduced.

The invention relates furthermore to a device for applying a mixture of two
liquid components kept in their respective containers, where said compo-
nents are fed to a nozzle head through their respective liquid-transferring
means, said nozzle head comprising a separate outlet channel for each
component as well as a separate outlet channel for a gas fed through a
gas-transferring means from a gas source, and where said device com-
prises an expelling means simultaneously activating the containers contain-
ing their respective component. The device according to the invention is
characterised in that the component outlets and the gas outlet in the nozzle
head are aligned along a substantially rectilinear line, the gas outlet being
accommodated at one end of the line of outlets. Such a nozzle head is
relatively easy to manufacture by way of any convenient means, e.g.,
injection moulding, and furthermore it ensures an efficient, good mixture of

the components.
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According to the invention the nozzle head may be supported by an elon-
gated handle, and the component and gas-transferring means may be
substantially resilient tubings which extend from said handle to a remote
accommodation of the expelling means with the containers and the gas
source, respectively. The resulting handling of the nozzle head is relatively
easy and can be carried out without interference by the presence of the
expelling means and the gas source.

Furthermore, the handle may according to the invem!ion be associated with
a push-button for actuation of the expelling means and the feeding of gas
through a differential pressure-adjusting device. As a result, the compo-
nent source containers, e.g., the pistons in the syringe cartridges, can be
actuated to supply the gas and components without the presence of elec-

tricity adjacent the nozzle head and the associated handle.

When thé containers used for the components are syringes with their
respective piston for expelling the component in question, the expelling
means may according to the invention comprise a holder for the securing
of the syringes, and an electrically driven elevator means for a simulta-
neous actuation of the pistons of the syringes with the result that a partic-
ularly accurate and constant volume flow set in advance is obtained

through each outlet in the nozzle upon such actuation.

Finally, it is according to the invention particularly preferred that the expel-
ling means and the gas source in form of a gas pump are combined as a
separate unit together with an electrically driven control unit, said control
unit being adapted to control the expelling means and the gas pump at a

signal from the user of the nozzle head.
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The invention is explained in greater detail below with reference to the

accompanying drawing, in which

Fig. 1 shows a device according to the invention,

Fig. 2 is a front view.of a nozzle head used in the device, and
Fig. 3 the same taken along the lines -1 in Fig. 2.

Fig. 4 shows another view of a device according to the invention.
Description, of the Pref | Embodi

The device shown in Fig. 1 comprises a nozzle head 1 secured at the end
of a handle designated the general reference numeral 2. This handle com-
prises a tubular body 3 connected through a transition portion 4 to the
nozzle head 1, said tubular body 3, said transition portion 4, and said
nozzle head 1, respectively, having a circular cross section. However, any
convenient handle or means to hold or accommodate the nozzle head could

be employed.

As illustrated in particular in Figs. 2 and 3, the nozzle head is preferably
conically shaped with three through channels 5, 6, and 7, where two
channels serve as outlet channels for two different components while the
third channel serves as outlet channel for a gas. Of course, additional
channels and outlets can be utilized as required by the particular material
or product to be applied. The outlet channels 5, 6, and 7 are formed by
any convenient means, e.g., by the nozzle head being molded in a suitable
plastic material, such as polystyrene material, SAN. The outlet channels

extend from their respective opening at the broadest end of the nozzle
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head 5 adjacent the handle 2, said openings being placed at the corners of
an isosceles triangle, cf. the dotted lines of Fig. 2. At the corners of the
isosceles triangle, each channe! is of a diameter of approximately 1.2 mm,
and preferably after a short distance with a substantially constant diameter
each channel narrows down so as to be of the desired diameter at the
opposite end. This is done to accommodate using fluid transfer tubing
which may be larger in diameter than the desired outlet size. Any conve-
nient diameter outlets can be utilized, but outlets having diameters of .3 to
.5 mm and preferably .3mm are preferred. At this end of the channels,
the outlets are aligned along a rectilinear line with a center distance of
approximately 0.5 mm. The outlets have been designated the reference

numerals 8, 9, and 10, respectively, in Fig. 2.

The above short distance of a substantially constant inner diameter of the
outlet channels 5, 6 and 7 in the nozzle head serves to receive the end of
fluid transfer tubes 11, 12, and 13, respectively, which in turn are pro-
vided for the feeding of said components and said gas. These fluid transfer
tubes 11, 12, and 13 extend axially through the handle 2 and forwards to
a coupling plate 14, which is arranged and associated with an expelling
means for the components and designafed the general reference numeral
15, as well as a gas pump 16. The tubings 11-15 can be surrounded by a
resilient protecting jacket 17. At the end of the handle 2 opposite the -
nozzle head 1, the protecting jacket 17 with the tubings 11-12 can be
preferably retained in the handle 2 by means of a cap 18 inserted thereon.
The cap 18 is provided with a central, through opening and co-opérates
with the protecting jacket 17 and is retained in said handle 2 by way of

friction.

As mentioned above, the preferred device according to this invention

comprises a spray appli'cator or "pen” which is remote irom, but in fluid
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communication with, the sources of liguid components and/or gas. In
areas such as the application of fibrin sealants this provides a greatly
improved tool for the surgeon. This is because the prior art fibrin sealant
applicators all include the sources of components in the hand-held applica-
tor. As discussed previously, prior art fibrin sealant applicators are typi-
cally double-barrel syringes attached to a Y-piece or mixing lead. This is
generally an awkward instrument for the surgeon to control and even when
the surgeon uses both hands, a iess than desirable application is achieved.

One embodiment of the device of this invention is set forth in Figure 4.

The present spray applicator comprises a nozzle head with outlets and
separate fluid transfer tubes for each component providing fluid communi-
cation between the outlets and the sources of components to be applied.
Preferably, the nozzle head has a handle which can be an elongated “pen”
accommodating the nozzle head at one end with the fluid transfer tubes
extending therethrough, exiting the opposite end and continuing to said
sources of components. The sources of components at the remote loca-
tion, which can be in any convenient containers, e.g., syringe cartridges,
are preferably part of an expelling means which dispenses or expels these
components from the sources through the fluid transfer tubes and out of
the outlets of the nozzle head, as desired by the operator or surgeon. This
can be accomplished by any convenient means such as valves in the nozzle
head or héndle of the applicator or preferably by providing an actuating
means which sends a signal to the supply unit upon actuation by the oper-
ator or surgeon. The actuating means can be a foot pedal or a button in
the applicator as are known in the device art. In a preferred embodiment
the actuating means is a resilient bladder positioned in the applicator and
connected via a pressurized line to a signal means, such that upon depres-
sion of the resilient bladder by the fingertip or hand of the surgeon the

signal means detects a difference in pressure and signals the supply unit to
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supply the components.

The gas used to co-apply the components can be also supplied from, and
controlled by, the expellingness in a preferred embodiment or, can be

supplied and/or controlled separately from the liquid components.

Returning to Figure 1 in further describing the preferred expelling means, at
the coupling plate 14, the fluid transfer tubes 11, 12 are inserted in their
respective through bore {not shown), at the opposite end of which the
tubings are adapted to be connected with their respective syringe 19 {or
other convenient component source container) for their respective compo-
nent. The drawing shows only one syringe 19 communicating with the
tubing 11. The coupling plate 14 is adapted such that both the tubings 11
and 12 and the syringes, such as the syringe 19, can be easily removed.
Beyond the latter coupling plate 14 for receiving the syringes 19, the
expelling means 15 comprises an elevator means 20 for expelling the

contents of the syringes 10.

As illustrated in Fig. 1, the third tubing 13 serves to feed the gas and is
connected to the gas pump 16 through an outlet nozzle 21 and a luer
coupling 22. The luer coupling 22 implies furthermore that the above.
tubing can be easily coupled to and removed from said coupling plate 14.

A filter means is provided within the outlet nozzle 21.

As illustrated in Fig. 1, a fourth tubing 23 is furthermore accommodated
inside the protecting jacket 17. The said fourth tubing 23 is at one end
associated with a diagrammatically shown push-button 24 inside the
handle 2, while the opposite end thereof is detachably connected to a
control unit 25 in a manner not described in greater detail, said control unit

being associated with the expelling means 15. When the push-button is
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pressed down, the tubing 23 with said push-button 24 and the control unit
25 is adapted to transfer the resulting pressure difference inside the tubing
23 as a signal to the control unit 25. As a result, the control unit initiates
through the diagrammatically shown tubings 26, 27 the necessary activa-
tion of the elevator means 20 of the expelling means 15 and the air pump
16, respectively. The tubing 23 is detachably coupled to the control unit
25 in a manner not described in greater detail by means known to those

skilled in the art,

The described device is mainly intended for application of a mixture of two
or more components in, e.g., fibrin monomer and a buffer fiuid with a pH
of 10, respectively, as set forth in the aforementioned WO 96/17638 and
EP 592,242, These two components are received in their respective sy-
ringe, such as the syringe 19, said syringes being dimensioned such rela-
tive to one another that the desired mixing ratio is established by a simulta-
neous activation of the pistons of the syringes by means of the elevator
means 20. The mixing ratio of the pH 10-buffer to fibrin monomer is pref-
erably 1 to 7, and usually a 5 ml syringe is used for receiving fibrin mono-
mer and a 1 mi syringe for the pH 10-buffer. The tubings 11-13 are ac-
cording to a preferred embodiment shaped by way of co-extrusion, the
inner layer of the tubings being made of polyurethane which is inert to the
fluids in question, and the outer layer of said tubings being made of poly-
urethane or PVC. The tubings are formed with an inner diameter of 0.3 mm
with the result that a iength of 2 m only allows approximately 0.3 ml of

fluid to be received in each tubing, i.e., a total of .6 ml of fluids.

When the expelling means 15 and the air pump 16 are activated by the
push-button 24 being pressed down, the two components are expelled
from their respective outlet in the nozzle head 1 while the gas is simul-

taneously being expelled through the associated outlet in the nozzle head.
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The gas is expelled through the outlet at one end of the row of outlets,
while the component to be fed in the lowest amount, viz. the pH-buffer, is
ekpelled through the outlet 9 provided at the opposite end. The other
component, fibrin monomer, is expelled through the outlet 8 in the middle
of the row of outlets. These components can be expelled at any conve-
nient rate but low flow rates have beeﬁ f.ound to be advantageous. Ac-
cordingly, the pH 10 buffer can be expelled at flow rates between .0040
and .0100 mli/sec and the fibrin solution between .028 and .070 mil/secs
preferably at the aforementioned 1:7 ratio. Most preferably, the fibrin
monomer and pH 10-buffer to be mixed are expelied at a volume flow of

approximately 0.04 ml/sec and 0.0057 mi/sec, respectively.

Air is used as gas in the preferred embodiment, said air being sucked in
from the surroundings and subsequently carried from the pump 16 through
a filter to the nozzle head 1. Alternatively, any source of desired gas can
be employed. The speed of the air molecules must be relatively high at the _
same time as the amount of air used must be kept at a minimum. An outlet
diameter of 0.3 mm has the effect that the volume flow of the air is ap-
proximately 1.25 I/min. during the expelling procedure, lower volume flow

being preferred.

When the air and the two components flow out of their respective outlets,
the fluids are sucked into the flow of air and are substantially atomized.
The mixing of the two fluid components has been at least partially accom-
plished when said components are sucked into the flow of air. A lowering
of the respective discharge speeds is carried out by an adjustment of the
diameters of the outlets and their mutually distance in such a manner that
both are as small as possible. In this manner it is possible to operate with
relatively long tubings, i.e. the distance between the nozzle head 1 and the

coupling plate 14 can be relatively long, such as for instance 2 m. The low
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discharge speeds render it possible to apply the liquid mixture in thin uni-
form layers with the result that a layer of a higher total thickness may be

provided by laying more layers on top of each other.

The expelling of the components from the respective syringes is as men-
tioned carried out inside the expelling means 15 which forms a combined
unit together with the control unit 25. Both the expelling means 15 and the
control Qnit 25 are electrically driven. This unit may be placed relatively far
away from the site where the mixture is to be applied, and it can be
adapted for reuse, whereas the nozzle head with the handle 2 and tubings
11, 12, and 13 may be adapted to be disposable. The control unit 25 can
be such that an interruption of the application procedure before the syr-
inges 19 are empty can have the effect that the elevator means 20 retracts
the pistons in the syringes 19 a short distance in such a manner that the
fluids in question are sucked a short distance away from the outlets in the
nozzle head 1. In this manner it is avoided that an interruption of the apply-
ing procedure involves a post-expelling caused by pressures accumulated
in the walls of the tubings, and especially in optionally present air bubbles
in the syringe containing fibrin I. The preferred retraction volume is approxi-

mately 0.04 mi, which corresponds to the expelling for 1 sec.

The described device renders it possible to apply a fluid mixture in a thick-
ness of approximately 170 uym, which implies that an amount of 5 ml fibrin
and a corresponding amount of pH 10-buffer can cover an area of 300
cm?. In connection with a length of tubing of approximately 2 m, the total
amount of lost fluid in said tubings is, as mentioned, approximately 0.3 ml,
whereby the amount of not used components after the complete expelling

from the syringe is relatively low.
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The invention has been described with reference to a preferred embodiment
of a device for dispensing a mixture of fibrin monomer and a pH 10-buffer.
The mixing ratios used must ensure that the mixture is relatively neutral,
and preferably said neutral state has already been achieved in the air before
the application site has been reached. During the production procedure, the
fibrin monomer in question has been admixed a coagulation-stopping agent
with a pH-value of 4.6. The restoration of fibrin monomer to the neutral

state implies that the coagulation process starts again.

The device in question can also be used for other components beyond
fibrin | and pH 10-buffer, where the mixing ratios and the volume flows
must be adapted to these components. For example, fibrinogen-containing
components and components containing thrombin or a thrombin-like en-

zyme can also be applied using the instant device and method.
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Claims et e ol

1. In a device for applying two or more liquid components to a desired

site with a gas flow, said components and gas being supplied separately to
a nozzle head to be dispensed therefrom, the improvement wherein said
nozzle head includes separate outlets for each of said components and gas

and further wherein said outlets are arranged in a straight line.

2. The device of claim 1 wherein said gas outlet is at one end of said

straight line out outlets.

3. The device of claim 1 wherein said components form.a fibrin sealant

upon said application to said desired site.

4. A device of claim 1 for applying a mixture of two or more liquid
components to be kept separate in respective containers and fed to a
nozzle head through respective fluid-transferring means in fluid communica-
tion with said nozzle head and said containers, said nozzle head comprising
a separate outiet channelé for each component as well as a separate outlet
channel for a gas fed through a gas-transferring means from a gas source,
said device comprising an expelling means for a common actuation of the
containers with_ their respective component further wherein, said outlets of
the component outlet channels and the gas outlet channel in the nozzle
head are aligned along a substantially rectilinear line, the outlet of the gas

outlét channel being accommodated at the end of said line of outlets.

8. A device as claimed in claim 4, wherein the nozzie head is ihtegral
with an elongated handle, and wherein the component and gas-transferring
means are substantially resilient tubings extending from the handle to a

remote location of the expelling means.

SUBSTITUTE SHEET (RULE 26)
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6. A device as claimed in claim 4, wherein an actuating means is pro-

vided in connection with the handle, which actuating means actuates the

“expelling meéns and the feeding of gas through a differential

pressure-registering device.

7. A device as claimed in claim 4 where the containers used for the
components are syringes with their respective pistons for expelling said
components, further wherein the expelling means comprises a holder for
the securing of the syringes and an electrically driven elevator means for a

simultaneous actuation of the pistons of the syringes.

8. A device as claimed in claim 7 wherein the expelling means and the
gas source in the form of a gas pump are combined as a separate unit
together with an electrically driven control unit, which is adapted to control
the expelling means and the gas pump at a signal from the user of the

nozzle head.

9. A method of applying a mixture of two liquid components using the
device of claim 1 whereby the volume fiow of the gas is adapted to the
volume flows of the components in such a manner that outside the nozzle
said components are sucked into the jet of gas being expelled through the

gas outlet.

10. The method of claim 9 wherein the gas outlet is at one end of said

straight line of outlets.

11. A method as claimed in claim 10 and whereby the components are
discharged at mutually differing volume flows, and where the components
with the lowest volume flow are expelled through the outlet farthest away

from the gas outlet.

SUBSTITUTE SHEET (RULE 26)



-

L

WO 97/20585 PCT/US96/19505

17

12. A method as claimed in claim 9, wherein the expelling of the compo-
nents through the nozzle head is carried out by means of an expelling
means, which is actuated by means of an electronic control unit, and that
the expelling of the gas is carried out by means of a pump, which is also
5 actuated by means of the electronic control unit, and that said control unit
in turn is actuated by means of a signaller actuated by the user handling
the nozzle head.
13. A method as claimed in claim 12 and where'; syringes with their re-
spective expelling piston are used as containers for the components,

10 and wherein an interruption of the expelling means through the control unit
before the syringes are empty has the effect that the control unit actuates
the expelling means so as to retract the pistons of the syringes a short
distance whereby the components are sucked a short distance away from

the outlets of the nozzle.

15 14. A system for applying a fibrin sealant to a site in need thereof com-
prising

a spray pen adapted to be held and actuated in one hand and

comprising at one end a spray head from which one or more

components of said sealant and a gas are dispensable and

20 separate channel means for transferring said one or more com-

ponents and gas to said spray from a second end of said pen;

tubing means providing fluid communication between said
second end of said spray pen and a source of said one or more

components and gas; and

25 an expelling means remote from said spray pen comprising a

 source of said gas and sources of said one or more compo-
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nents and controllable means for transferring said gas and one
or more components from said expelling means, through said
tubing means, through said spray pen and out of said spray
head.

5 15. The system of claim 14 wherein said components are a fibrin mono-
mer solution and a component which when mixed with said solution will

cause said fibrin monomer to polymerize.

16. The system of cltaim 14 wherein said components are a fibrinogen-
containing composition and a composition containing thrombin or a

10 thrombin-like enzyme.

17. The system of claim 14 wherein a control means for controlling the
flow of said gas and components is located on said spray pen and is capa-

ble of communicating with said expelling means via signal means.
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