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SYRINGE-CARPULE ASSEMBLY

RELATED PATENT APPLICATION

[0001] This application claims the benefit, under Title 35, United States Code, §
119(e), of U.S. Provisional Application No. 61/193,110 filed on October 29,
2008.

BACKGROUND

[0002] This invention generally relates to multi-chamber syringes for use In
delivering drugs to medical patients. In particular, this invention relates to dual-
chamber syringes that allow solid medicine (such as lyophilized material or
powder) and liquid solvent (such as water or saline) to be pre-mixed prior to

Injection into a patient.

[0003] Conventionally powdered medicine, liquid solvents and injection device
are normally used when powdered Injection medicines are given. The
powdered medicines are filled aseptically into a vial or an ampule container
(referred to as a “carpule” hereinafter). As liquid solvents, distilled water for
Injection or an isotonic sodium chloride solution are filled aseptically in an

ampule or carpule. Typically a syringe is used as the injection device.

[0004] It is known in the prior art to provide a syringe having two chambers: one
filled with the solid medicine and the other filled with liquid solvent. The solid

and liquid are pre-mixed before injection into a human body.

[0005] There is a need for an improved system to enable the delivery of drugs
that come In two forms (i.e. lyophilized matter or powder and liquid solvent) that
need to be premixed in an easy, single use, such as when injecting botulinum
toxin. Preferably the improved system is sterilizable, uses disposable carpules,
and allows blood to be aspirated to alert the operator that he/she i1s mistakenly

INn a blood vessel.

PCT/US2010/052609
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BRIEF SUMMARY

[0006] The present invention is directed to a system and a method for injecting
medicine Into a patient. The system Is a syringe-carpule assembly comprising
first and second carpules, a housing holding the first and second carpules in an
end-to-end relationship, an outer hollow plunger rod supported by and slidable
relative to the housing, and an inner perforated hollow rod slidably arranged
iInside the outer hollow plunger rod. The inner perforated hollow rod is slidable
between first and second positions. The inner perforated hollow rod in the first
position has at least one perforation disposed within the first carpule and at
least one perforation disposed in the second carpule. This allows liquid solvent
In the second carpule to flow into the first carpule, which comprises an
evacuated chamber containing solid matter that dissolves In the presence of
that solvent to form a mixture. The second carpule 1s then removed and the

mixture Iin the first carpule is injected into the patient.

[0007] More specifically, one aspect of the invention is a syringe comprising a
housing capable of holding first and second carpules, an outer hollow plunger
rod supported by and slidable relative to the housing, and an inner hollow rod
slidably arranged inside said outer hollow plunger rod. The inner hollow rod has
first and second openings and is slidable between first and second positions.
The inner hollow rod In the first position has the first opening disposed within
the first carpule and the second opening disposed within the second carpule
when the first and second carpules are held within the housing with the first

carpule in front of the second carpule.

[0008] Another aspect of the Invention is a syringe-carpule assembly
comprising first and second carpules, a housing capable of holding the first and
second carpules such that the first carpule iIs forward of the second carpule, an
outer hollow plunger rod supported by and slidable relative to the housing, and
an inner hollow rod slidably arranged inside the outer hollow plunger rod. The

iInner hollow rod is slidable between first and second positions. The inner hollow

PCT/US2010/052609
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rod in the first position has a first opening disposed within the first carpule and a

second opening disposed within the second carpule.

[0009] A further aspect of the invention is a method of administering a medicine
to a medical patient using a syringe, comprising the following steps: (a) placing
a first carpule containing solid matter in a chamber and a second carpule
containing liquid solvent in a chamber inside a housing of a syringe in an end-
to-end relationship with the first carpule Iin front of the second carpule, the
chamber of the first carpule having an internal pressure less than atmospheric
pressure; (b) placing a hollow rod of the syringe so that a first opening thereof is
located inside the chamber of the first carpule and a second opening thereof is
located inside the chamber of the second carpule, thereby causing liquid
solvent to flow through the hollow rod and into the chamber of the first carpule,
where the liquid solvent dissolves the solid matter to form a mixture; (c)
removing the hollow rod from the chambers of the first and second carpules; (d)
attaching a needle to the syringe housing; (e) removing the second carpule
from the syringe housing; and (f) forcing at least a portion of the mixture to flow

from the chamber of the first carpule into and through the needle.

[0010] Other aspects of the invention are disclosed and claimed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 1s a drawing showing two carpules respectively containing

botulinum toxin and saline in accordance with one embodiment of the invention.

[0012] FIG. 2 1s a drawing showing a rectangular piece of adhesive tape that is
wrapped around respective portions of the carpules depicted in FIG. 1 to couple

those carpules together in end-to-end relationship.

[0013] FIG. 3 i1s a sectional view showing respective portions of the coupled

carpules depicted in FIG. 2.

[0014] FIG. 4 1s a drawing showing portions of a syringe-carpule assembly In

accordance with one embodiment of the invention, which assembly includes

3
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the coupled carpules depicted in FIG. 2. The device is shown in a state wherein
botulinum toxin In the forward carpule and saline solution In the rearward
carpule have not yet been mixed and a needle has not yet been screwed onto

the syringe housing.

[0015] FIG. 5 1s a drawing showing the same assembly depicted in FIG. 4, with
the difference that an inner perforated hollow rod has been advanced to a
position whereat the saline solution in the rearward carpule Is drawn into the

forward carpule.

[0016] FIG. 6 is a drawing showing the syringe-carpule assembly after the
botulinum toxin and saline solution have been mixed in the forward carpule
(shown in FIG. 5), the rearward carpule has been removed and a needle has

been screwed onto the syringe housing.

[0017] FIG. 7 1s a drawing showing the same assembly depicted in FIG. 6 as
the mixture in the forward carpule 1s being injected into a medical patient (not

shown).

[0018] Reference will hereinafter be made to the drawings in which similar

elements In different drawings bear the same reference numerals.

DETAILED DESCRIPTION

[0019] A method of administering a medicine to a medical patient using a
syringe in accordance with one embodiment of the invention will now be
described. Two carpules are arranged end-to-end and then Inserted Into a
syringe. The first carpule has an evacuated chamber containing lyophilized

matter or powder; the second carpule contains liquid solvent.

[0020] In the example disclosed hereinafter, the first carpule 10 (see FIG. 1)
contains botulinum toxin while the second carpule 20 contains saline. Carpule
10 comprises a generally cylindrical glass vial 16 with openings at both ends.
The forward end of vial 16 Is covered by a rubber membrane (not shown in FIG.

1) that i1s held In place by a cap 12 made of metal foil. Although not shown In

4
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FIG. 1, it iIs known that the cap 12 has a circular opening (not shown) at its
center that exposes a portion of the aforementioned rubber membrane. The
rearward end of vial 10 is closed by a rubber stopper 14. Carpule 20 comprises
a generally cylindrical glass vial 26 with openings at both ends. The forward
end of vial 26 is covered by a rubber membrane (not shown in FIG. 1) that is
held in place by a cap 22 made of metal foil. Cap 22 also has a circular opening
(not shown) at its center that exposes a portion of the rubber membrane. The

rearward end of vial 26 1s closed by a rubber stopper 24.

[0021] The carpules 10 and 20 depicted in FIG. 1 can be arranged so that their
centerlines are collinear, with the cap 22 of carpule 20 abutting the rubber
stopper 14 of carpule 10. To hold the carpules In this end-to-end relationship, a
rectangular piece of adhesive tape 30 (or other flexible substrate) is wrapped
around respective portions of carpules 10 and 20, as seen in FIG. 2. The tape
piece 30 has a line 32 of weakened tear resistance (e.g., a row of small
perforations spaced at regular intervals). The tape piece should be positioned
such that when it iIs wrapped around the abutting carpules, the tear line 32 is
disposed in a plane perpendicular to the axes of the carpules and is aligned
with the interface between the abutting carpules. As will be explained later, the
tear line 32 facilitates the separation of the coupled carpules at a later stage In

the method for administering medicine disclosed herein.

[0022] FIG. 3 i1s a sectional view showing respective portions of the coupled
carpules except that, for ease of illustration, the metal cap 22 of carpule 20 has
been omitted. That metal cap, if shown in FIG. 3, would have a circumferential
portion disposed between the vial 26 and the adhesive tape 30 and an annular
portion disposed between the rubber stopper 14 of carpule 10 and the rubber
membrane 28 of carpule 20. The rubber stopper 14 includes a portion disposed
within the vial 16 and a flange portion 14a that is trapped between the rear end
surface of vial 16 and the front end of carpule 20. This arrangement serves to

hold the rubber stopper 14 In position when it IS penetrated by an inner

PCT/US2010/052609
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perforated hollow rod of the syringe, as will described hereinafter with reference
to FIGS. 5and 7.

[0023] As seen In FIG. 3, carpule 10 contains lyophilized botulinum toxin 38
and carpule 20 contains saline solution 40. As i1s well known In the art, the
lyophilized botulinum toxin must be dissolved in the saline solution before it can
be injected into a patient. This iIs accomplished using the syringe depicted in
FIG. 4.

[0024] FIG. 4 shows portions of a syringe-carpule assembly in accordance with
one embodiment of the invention, which assembly includes the coupled
carpules depicted In FIG. 2. The device 1s shown In a state wherein the
lyophilized botulinum toxin in the forward carpule 10 and the saline solution In
the rearward carpule 20 have not yet been mixed and a needle has not yet

been screwed onto the syringe housing.

[0025] The syringe comprises a housing 2 capable of holding the coupled
carpules 10 and 20 such that carpule 10 Is In front of carpule 20, an outer
hollow plunger rod 6 supported by and slidable relative to the housing 2, and an
iInner hollow rod 8 arranged inside the outer hollow plunger rod 6. The inner
hollow rod 8 and the outer hollow plunger rod each comprise respective circular
cylindrical tube portions, one slidable within the other. More specifically, the
outer diameter of inner hollow rod 8 Is slightly less than the inner diameter of
outer hollow plunger rod 8, with sufficient clearance to allow the former to easily

slide within the latter.

[0026] The housing 2 has a window 36 through which the coupled carpules can
be inserted. A device, such as a swinging metal door (or other member) with a
latch for locking it in a closed position, could be provided in the area of the front
carpule 10 to hold it in place while the rear carpule 20 is being removed, as will
be discussed later. The housing also has a threaded boss 42 to which a needle
(item 4 In FIGS. 6 and 7) can be attached. The threaded boss 42 has a bore

PCT/US2010/052609
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through which the rear end of the needle can penetrate the forward carpule 10

during needle attachment.

[0027] The inner hollow rod 8 1s a circular cylindrical tube that i1s angled at its
forward tip 8b. The space inside the hollow rod 8 forms a channel that ends as
an opening In the angled forward tip 8b. The wall of the inner hollow rod is
provided with a plurality of perforations or openings 44 arranged In two
diametrally opposed rows (only one of these two rows is visible in FIGS. 4-6).
The perforations 44 communicate with the open tip of inner hollow rod 8 via the
channel therein. The Inner hollow rod 8 Is slidable between an extended
position and a retracted position by the operator manipulating a handle 8a of
the inner hollow rod 8. The handle 8a is slidable along the outside of the outer
hollow plunger rod 6. The wall of the outer hollow plunger rod 6 has a
longitudinal slot (not shown) that allows the handle 8a to be connected to the
circular cylindrical wall of the inner hollow rod 8. This allows the inner hollow rod

8 1o be slided by operation of handle 8a.

[0028] The inner hollow rod 8 i1s shown retracted in FIG. 4 and extended in FIG.
5. As seen In FIG. 4, In its retracted position the inner hollow rod 8 does not
project into either carpule 10 or 20. As seen In FIG. 5, In Its extended position
iInner hollow rod 8 projects through carpule 20 and the angled tip 8b of the inner
hollow rod 8 projects into carpule 10. The angled or pointed tip 8b penetrates
the rubber stopper 24 and rubber membrane 28 of carpule 20 and rubber
stopper 14 of carpule 10. As 1s well known In the art, the rubber stoppers are
provided with a pair of slits that intersect at right angles. The flexible rubber
material adjacent these intersecting slits flexes apart during penetration of the

pointed end 8b of inner hollow rod 8, allowing easy passage therethrough.

[0029] In the fully extended position of inner hollow rod 8, the opening at the
angled tip 8b Is disposed within carpule 10 and at least one and preferably
more than one perforation 44 is disposed within carpule 20. Since inner rod 8 Is
hollow, In its fully extended position the inner hollow rod 8 provides a channel

for flow communication between the internal chambers of carpules 10 and 20.

v
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Since the pressure inside the evacuated internal chamber of carpule 10 1s lower
than the pressure inside the liquid-filled carpule 20, the saline solution inside
carpule 20 is drawn into carpule 10 by the pressure differential, flowing through

the inner hollow rod 8.

[0030] After the saline solution has been drawn into the carpule 10, the syringe
IS then held upright in a vertical position as a needle 4 Is screwed onto the
threaded boss 42 of syringe housing 2, as seen in FIG. 6. During this
procedure, the rear end of the needle penetrates the rubber membrane at the
front of carpule 10. Then the inner hollow rod 8 is retracted, again by operator
manipulation of the handle 8a. The substantially empty rear carpule 20 is then
removed by tearing the adhesive tape 30 along its tear line 32. The saline
solution now Inside carpule 10 dissolves the lyophilized botulinum toxin. FIG. 6
shows the syringe with attached needle 4 and with the second carpule

removed.

[0031] The outer hollow plunger rod 6 Is slidable between retracted and
extended positions relative to the syringe housing 2. The front end of outer
hollow plunger rod 8 carries a head 6b (seen In FIGS. 6 and 7) having an
opening that allows passage therethrough of the pointed tip 8b of inner hollow
rod 8. The head 6b is disposed within carpule 10 (not shown in the drawings)
when the outer hollow plunger rod © is in its fully extended position, and is not
disposed within carpule 10 when the outer hollow plunger rod o is In its fully
retracted position. The head 6b is preferably an annular ring that screws onto
the end of the outer hollow plunger rod 6. The opening of that annular ring 6b
allows the inner hollow rod 8 to pass through. The ring 6b can be unscrewed

and removed to allow access to the inner hollow rod 8.

[0032] After the doctor inserts the needle 4 into the patient (not shown In FIG.
6), the doctor then injects the medicine into the patient. This is accomplished by
the operator moving the outer hollow plunger rod 6 from its retracted position
until head ob engages the rubber stopper 14 (see FIG. 7). As the outer hollow

plunger rod 6 Is moved forward of its position depicted in FIG. 7, 1.e., toward its

8
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fully extended position, by the operator, the flat annular head o6b of the
advancing outer plunger rod 6 pushes the rubber stopper toward the front end
of carpule 10. As the rubber stopper 14 moves forward, it forces the mixture 40
of dissolved botulinum toxin and saline solution through and out the needle 4,

as seen in FIG. 7.

[0033] In accordance with an alternative embodiment, the head of the outer
hollow plunger rod 6 can take the form of a harpoon or triangle. Such a head
would be shaped and dimensioned such that as the head bears against the
slits formed In rubber stopper 14, the detents or wings projecting on opposite
sides of the triangular head (beyond the radius of the outer plunger rod) would
engage the rubber stopper 14. The frictional forces would be such that the
rubber stopper 14 would be effectively coupled to the triangular head, whether
the outer hollow plunger rod 6 were being extended or retracted. This has the
advantage that blood from the patient could be aspirated by pulling the rubber

stopper 14 back a short distance.

[0034] The invention Is not limited to use In medical procedures involving the
Injection of lyophilized botulinum toxin, but rather has wide application in any
procedure involving the mixing of lyophilized matter or powder and a liquid
solvent followed by injection of the mixture into a patient. The method of
administering a medicine to a patient comprises the following steps. A first
carpule containing lyophilized matter or powder and a second carpule
containing liquid solvent are coupled in an end-to-end relationship by wrapping
adhesive tape or some other suitable flexible substrate tightly around respective
portions of the two carpules. The chamber of the first carpule has an internal
pressure less than atmospheric pressure and less than the internal pressure of
the second carpule. The coupled carpules are then placed inside a housing of a
syringe with the first carpule in front of the second carpule. The operator then
moves a hollow rod of the syringe forward to a position whereat a first opening
IS located inside the chamber of the first carpule and a second opening Is

located Inside the chamber of the second carpule, thereby causing liquid

PCT/US2010/052609
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solvent in the second carpule to flow through the inner hollow rod and into the
first carpule, where the liquid solvent dissolves the lyophilized matter or powder
to form a mixture. The operator then moves the inner hollow rod back to its fully
retracted position whereat the distal section thereof no longer penetrates either
carpule. The syringe is then turned to a vertical position with the front end of the
syringe housing above the rear end of that housing. In this position, the
operator screws a needle onto the front end of the syringe housing. The
substantially empty second carpule is then removed from the syringe housing
by tearing the adhesive tape along a line of weakened tear resistance. The
operator then moves an outer hollow plunger rod forward until its head engages
a rubber stopper at the rear of the first carpule now containing the mixture. As
the operator continues to advance the outer hollow plunger rod, the rubber
stopper i1s carried forward, forcing the mixture to flow from the first carpule into
and through the needle. Upon injection, the operator places his thumb inside
the aspirating ring at the rear of the outer hollow plunger rod and then pulls the

ring rearward to aspirate.

[0035] The system disclosed herein enables the delivery of drugs that come In
two forms (i.e. lyophilized matter or powder and liquid solvent) that need to be
premixed In an easy, single use, such as when injecting botulinum toxin. Mixing
of the two ingredients in a disposable vial sized to hold a single dosage avoids
the waste that accompanies mixing larger volumes of ingredients in a bottle to
produce a batch of doses that must be used within a fixed time frame. The
present invention facilitates effective and cost efficient mixing of a single

dosage of ingredients, thereby reducing the cost of drug application.

[0036] Another advantage is that the invention avoids human error in mixing the
liquid and powder in the correct ratio. A further advantage lies in the fact the
iInvention minimizes spill-off and residual medication in the multiple syringes
that are used to draw up the medications in a multi-dose vial (each drop of

medicine can be very expensive).

10
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[0037] While the invention has been described with reference to various
embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements
thereof without departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation to the teachings of
the invention without departing from the essential scope thereof. Therefore it is
intended that the invention not be limited to the particular embodiment

disclosed as the best mode contemplated for carrying out this invention.
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CLAIMS

The embodiments of the invention in which an exclusive property or privilege is claimed

are defined as follows:

1. A syringe-carpule assembly comprising a housing, first and second
carpules arranged inside said housing with said first carpule in front of said second
carpule, an outer hollow plunger rod that passes through and is slidable in a rearward end
of said housing, a first member connected to said outer hollow plunger rod and disposed
outside said housing to the rear of said rearward end of said housing, an inner hollow rod
comprising first and second openings disposed at different longitudinal positions, said
inner hollow rod being slidably arranged inside said outer hollow plunger rod, and a
second member connected to said inner hollow rod and disposed outside said housing to
the rear of said rearward end of said housing, wherein said outer hollow plunger rod is
slidable between a first extended position whereat said first member is disposed a first
distance from said rearward end of said housing and a first retracted position whereat said
first member is disposed a second distance from said rearward end of said housing, said
second distance being greater than said first distance, and said inner hollow rod is
slidable between a second extended position whereat said second member is disposed a
third distance from said rearward end of said housing and a second retracted position
whereat said second member is disposed a fourth distance from said rearward end of said
housing, said fourth distance being greater than said third distance, and further wherein
respective portions of said inner hollow rod are disposed inside said first and second
carpules when said inner hollow rod is in said first extended position and outside said

first and second carpules when said inner hollow rod is in said first retracted position.

2. The syringe-carpule assembly as recited in claim 1, wherein said first
carpule has an evacuated chamber containing solid matter, and said second carpule has a

chamber containing liquid solvent.

12
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3. The syringe-carpule assembly as recited in claim 2, wherein said first
carpule comprises a glass vial having open front and rear ends, a rubber membrane that
closes said open front end of said first vial, and a rubber stopper that closes said open rear

end of said first vial, said solid matter being contained inside said first vial between said

rubber membrane and said rubber stopper.

4, The syringe-carpule assembly as recited in claim 3, wherein said rubber
stopper comprises a flange that is sandwiched between said second carpule and said glass

vial of said first carpule.

d. The syringe-carpule assembly as recited in claim 1, further comprising a
flexible substrate wrapped around respective portions of said first and second carpules,

said flexible substrate having a line of weakened tear resistance.

6. The syringe-carpule assembly as recited in claim 1, wherein said first

member comprises an aspirating ring connected to a rearward end of said outer hollow

plunger rod.

7. The syringe-carpule assembly as recited in claim 1, further comprising a
head connected to a forward end of said outer hollow plunger rod, wherein said head is
disposed within said first carpule when said outer hollow plunger rod is in said first
extended third position, and said head is not disposed within said first carpule when said

outer hollow plunger rod is in said first retracted position.

8. The syringe-carpule assembly as recited in claim 1, wherein said outer
hollow plunger rod comprises a cylindrical wall with a longitudinal slot, and said second
member comprises a handle connected to said inner hollow rod through said longitudinal

slot, said handle being manually operable by an operator to slide said inner hollow rod

forward relative to said outer hollow plunger rod.
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9. Use of the syringe-carpule assembly of any one of claims 1 to 8 to

admimster a medicine to a patient.

10.  Use of the syringe-carpule assembly of any one of claims 2 to 4 to
administer a medicine to a patient, wherein said solid matter comprises botulinum toxin

and said liquid solvent comprises saline.
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