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[57] ABSTRACT

A sequential injection syringe for injecting two or
more different types of medicaments sequentially and
without intermixing of the medicaments within the sy-
ringe during the injection process. The syringe in-
cludes a barrel receiving a plunger and one or more
independently movable plugs which are separated
within the barrel, and between themselves, the distal
end of the barrel and the plunger defining two or more
medicament receiving spaces. Extending into the bar-
rel from the distal end thereof is a medicament con-
duit which is open at its innermost end and adapted to

- pass through the plug or plugs. Immediately adjacent

the distal end of the barrel is an opening in the medi-
cament conduit and the inward extension of the con-
duit is just slightly greater than the thickness of the
plug or plugs.

3 Claims, 4 Drawing Figures
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1
SEQUENTIAL INJECTION SYRINGE

BACKGROUND OF THE INVENTION

This invention relates to sequential injection syrin-
ges, and more particularly. to sequential injection sy-
ringes that provide for sequential injection of two or
more differing medicaments without substantial inter-
mixing of the medicaments during the injection pro-
cess.

Frequently during the treatment of a patient, or dur-
ing immunization procedures, it is necessary or conve-
nient to inject a plurality of different medicaments into
the patient at a single time. On such occasions, the ad-
ministering physician or nurse has frequently adminis-
tered the muitiple injections with an equal number of
syringes thereby requiring multiple punctures of the pa-
tient.

Such multiple punctures are obviously quite irksome
to the patient and if sufficiently so, the patient’s ire may
be communicated to the administrator resulting in the
adminstrator of the injections becoming increasingly
distracted, sometimes to the extent that the ire of the
patient is further increased.

In order to solve this problem, the prior art has sug-
gested the use of multiple-injection syringes. One prior
construction is illustrated in U.S. Pat. No. 2,687,728 to
Copén. According to Copen’s teaching, a syringe is
provided with a barrel having an inwardly projecting
medicament conduit terminating in a sharp point and
which is adapted to pierce a plug separating two medi-
caments within the syringe at a point about half-way
through the injection of the first medicament. Use of
such a syringe results in intermixing of the two separate
medicaments within the syringe during the injection
process which, in many instances, is undesirable de-
pending upon the nature of the two medicaments em-
ployed.

Another form of multiple-injection syringe is dis-
closed by Lazarte et al in U.S. Pat. No. 2,939,459.
While a construction of a syringe according to Lazarte
precludes undesirable mixing of the two medicaments
during the injection process, it is extremely unwieldy
both in terms of its construction and in terms of its use.
For example, the same is essentially two complete sy-
ringes with but a single cannula and this is more expen-
sive to fabricate than the usual syringe. And, in order
to effect proper operation during the injection process,
it is necessary to halt the injection process after the in-
jection of the first medicament to adjust the position of
the cannula with respect to the syringe barrel prelimi-
nary to the injection of the second medicament. Such
adjustment, while the cannula is still in the patient, may
well be more bothersome to the particular patient in-
volved than receiving multiple punctures.

While the above-identified patents constitute the
most pertinent prior art known to applicant in the mul-
tiple-injection syringe field, reference may also be
made to Christakis Pat. No. 3,200,813 which relates to
an aspirating syringe wherein a saline solution is first
injected into a patient and thereafter, and without with-
drawing the cannula, the same syringe is employed to
withdraw a sample of fat globules or the like for subse-
quent analysis.

SUMMARY OF THE INVENTION

It is the principal object of the invention to provide
a new and improved sequential injection syringe. More
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specifically, it is an object of the invention to provide
such a syringe wherein intermixing of different medica-
ments within the syringe during the ejection process is
precluded; which is simple in construction thereby per-
mitting the same to be manufactured at an economical
cost; and which does not require anything more than
the usual manipulation of a syringe during an injection
process.

The exemplary embodiment of the invention
achieves the foregoing objects in a construction includ-
ing a syringe barrel provided with a plunger. Within the
barrel are one or more plugs which serve, in conjunc-
tion with a cannula receiving end of the barrel and a
plunger, to define at least two medicament receiving
compartments.

Projecting inwardly into the barrel from the cannula
receiving end thereof is a medicament conduit which is
adapted to be in fluid communication with the cannula.
In the exemplary embodiment, it is integral with the
cannula.

The medicament conduit includes, at its innermost
end, a pointed configuration for piercing the plugs as
well as an opening into which medicament may be in-
troduced into the conduit. The conduit further includes
an opening at least at a location adjacent the cannula
receiving end of the barrel and the inward extension is
of such a length as to be just slightly greater than the
width of the plug or plugs. As a result, once the plunger
1s actuated, the pressure applied by the same to a medi-
cament is relayed to the plug which forces the same to
move toward the medicament conduit. The latter
pierces the plug while the movement of the plug addi-
tionally forces one medicament into the patient
through the opening in the medicament conduit adja-
cent the cannula receiving end of the barrel.

At a time when the innermost end of the conduit be-
gins to emerge from the remote side of the plug, the
first medicament will be exhausted from the cannula
and continued pressure on the plunger will then drive
the second medicament into the patient. Because dur-
ing the delivery of the first medicament, the innermost
end of the conduit will be within the plug, and only the
first medicament will be in communication with the
opening into the conduit, no intermixing occurs within
the syringe.

As inferred above, there is also disclosed a construc-
tion wherein three or more different types of medica-
ment may be sequentially injected into a patient.

Other objects and advantages of the invention will
become apparent from the following specification
taken in conjunction with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross section of a sequential injection sy-
ringe made according to the invention prior to the in-
jection process;

FIG. 2 is a cross section of the syringe at a point in
the injection process whereat the first medicament has
been delivered completely and the delivery of the sec-
ond medicament has just been initiated;

FIG. 3 is a fragmentary cross section illustrating a
modification of the syringe illustrated in FIGS. 1 and 2;
and

FIG. 4 is a cross sectional view of a sequential injec-
tion syringe for injecting more than two different types
of medicaments.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An exemplary embodiment of a sequential injection
syringe made according to the invention is illustrated in
FIG. 1 and is seen to include a syringe barre! 10 having
a distal end 12 provided with a reduced section 14 de-
fining cannula receiving means and a proximal end 16
terminating in outwardly extending flanges 18 which
serve as gripping portions.

Within the barrel 10 is a plunger assembly, generally
designated 20, provided with a piston 22 at one end
thereof. The other end of the plunger assembly 20 ex-
tends from the proximal end 16 of the barrel 10 to ter-
minate in an operating portion 24.

Within the barrel 10 between the distal end 12 and
the piston 22 is a grommet or plug 26 which divides the
interior of the barrel 10 into a first medicament receiv-
ing space 28 and a second medicament receiving space
30. The plug 26 is formed of any suitable material hav-
ing sufficient resilience as to sealingly engage the inte-
rior surface of the barrel 10, which is inert to the medi-
caments received in the spaces 28 and 30, and which
may be pierced relatively easily.

The syringe further includes a cannula 32 secured to
a hub 34 which in turn is received on the cannula re-
ceiving end of the barrel 10. It is to be understood that
the cannula 32 may be mounted directly in the reduced
section 14 of the syringe 10 and may be crimped, ce-
mented or otherwise fastened in said hub 34 or in said
reduced section 14. Prior to use, the cannula 32 may
be protected by an elongated shield 36 formed of rub-
ber or the like and received on the hub 34.

The syringe is. completed by a medicament conduit
38 extending inwardly from the distal end 12 of the bar-
rel 10. As is apparent from FIGS. 1 and 2, the medica-
ment conduit 38 according to the preferred embodi-
ment is integral with the cannula 32, comprising an op-
positely directed end thereof. It is to be understood that
the conduit 38 may be rigidly mounted in the reduced
end 14 and projects into said syringe barrel. The can-
nula 32 may be a needle separate from the conduit 38
and be mounted ina hub 34 which is removable from
the distal end of the reduced portion 14 of the syringe.
In other words, cannula 32 and conduit 38 may be one
piece, as shown, or two pieces each one being sepa-
rately mounted, as recited, without departing from the
spirit of this invention. The medicament conduit 38 is
therefore a hollow tube and its innermost end termi-
nates in an opening as at 49 into which the medicament

may flow to be conducted to the cannula 32 for injec-

15

20

25.

30

35

40

50

tion into the patient. The innermost end of the medica- -

ment conduit 38 is further pointed as at 42 for the pur-
pose of puncturing the plug 26 to permit the latter to
advance toward the distal end 12 of the barrel 10 under
circumstances to be described in greater detail herein-
after. -
" The medicament conduit 38 is provided with an
opening 44 immediately adjacent the distal end 12 of
the barrel 10. According to the embodiment illustrated
in FIGS. 1 and 2, the opening 44 is in the form of an
aperture in the side of the conduit 38. Finally, the
length of the inward extension of the conduit 38 within
the barrel 10 is just slightly greater than the width of
the plug 26.

Operation of the embodiment illustrated in FIGS. 1
and 2 is as follows. Initially, the shield 36 is removed
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and the cannula 32 inserted into the patient. There-
upon, the grasping portion 18 is held in the fingers in
the usual fashion and pressure to the piston 22 is ap-
plied through the plunger assembly 20 by the thumb
against the operating portion 24 thereof. Since the lig-
uid medicament in the spaces 28 and 30 will generally
be regarded as incompressible, pressure applied to the
medicament in the space 30 will be transmitted to the
plug 26 which in turn will transmit the pressure to the
medicament in the space 28. As the latter is free to flow
to the cannula 32 through the openings 40 and 44, the
result will be that the plunger 20 will move to the left
as shown in FIGS. 1 and 2, as will the plug 26.

When the plug 26 encounters the innermost end of
the conduit 36, the pointed end 42 of the latter will
pierce the plug 26 and enter the same so as to preclude
the flow of medicament to the cannula from the open-
ing 40, the latter being buried within the plug 26. How-
ever, medicament in the space 28 will continue to flow
to the cannula 32 through the opening 44 and this pro-
cess will continue until the plug 26 seats against the dis-
tal end 12 of the barrel 10. At approximately the same
time, as illustrated in FIG. 2, the innermost end of the
conduit 38 will emerge from the proximal side of the
plug 26 to establish fluid communication to the cannula
32 from the medicament receiving space 30, which has
now been shifted toward the distal end of the assem-
blage. Continued application of pressure on the
plunger assembly 20 will result in the medicament
within the space 30 passing through the cannula 32 into
the patient until the piston 22 seats against the proxi-
mal side of the plug 26.

From the foregoing, it will be appreciated that the de-
vice may be operated in the same fashion as a conven-
tional syringe and that the introduction of the two dif-
ferent medicaments is sequential and without intermix-
ing of the two medicaments within the syringe.

Turning now to FIG. 3, the same illustrates an alter-
nate form of the embodiment illustrated in FIGS. 1 and
2 and in particular, the same is identical to the embodi-
ment illustrated in FIGS. 1 and 2 except that the open-
ing 44 is replaced by an elongated slot in the side of the
conduit 38. As illustrated, the slot 46 has its distal end
at the same location as the aperture 44 and extends
along the side of the conduit fully to the innermost ‘end
thereof. A consideration of the above-described mode
of operation will indicate that it is the same for either
embodiment with the embodiment illustrated in FIG. 3
providing the possible advantage of less resistance to
the flow of the medicament from the space 28 by rea-
son of the greater size of the opening communicating
therewith.

FIG. 4 illustrates still another embodiment of the in-
vention which is specifically illustrated as accommo-
dating three different types of medicaments but by em-
ploying the principles thereof could be, if desired, ex-
panded to provide for sequential injection of an even
greater number of different medicaments.

As will be appreciated from a comparison of the em-
bodiment shown in FIGS. 1 and 2 and that illustrated
in FIG. 4, most of the component parts of the former
are usable in the latter and accordingly will be desig-
nated by the same reference numerals in conjunction
with the description of the embodiment of FIG. 4.

The differences in construction are as follows. In
order to accommodate a greater number of medica-
ments, the barrel 10 of the syringe should be of an ap-
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propriate length to accommodate the number and vol-
ume of medicaments. Within the barrel 10 there is a
first medicament receiving space 28 defined by the dis-
tal end 12 of the barrel 10 and a plug 26. A second
medicament receiving space 60, corresponding approx-
imately to. the medicament receiving space 30 in the
FIG. 1 embodiment, is defined by the plug 26 and a sec-
ond plug 62. The latter, in conjunction with the piston
22 defines a third medicament receiving space 64.

The conduit 38 employed in the embodiment illus-
trated in FIG. 4 extends a far greater distance into the
barrel 10 than in the embodiment illustrated in FIGS.
1 and 2 and further includes, in addition to the open-
ings 40 and 44, a third opening 66. According to the
embodiment illustrated in FIG. 4, the openings 40 and
66 are embedded within the plugs 62 and 26 respec-
tively.

The distance between the opening 44 and the open-
ing 66 is just slightly greater than the thickness of the
plug 26 while the distance between the opening 66 and
the opening 40 is equal to the sum of the width of medi-
cament receiving spaces 28 and 60 which in turn is
equal to the width of the plug 62 as well. Thus, in oper-
ation, it will be appreciated that when pressure is ap-
plied to the plunger assembly 20, both of the plugs 26
and 62 will advance on the conduit 38 while the medi-
cament from the space 28 is driven out through the
cannula 32. Approximately as the plug 26 seats against
the distal end 12 of the barrel 10, the opening 66 will
be in communication with the now shifted medicament
receiving space 60 and continued pressure on the pres-
sure assembly will drive the medicament from that
space through the cannula 32. At this time, however,
the opening 40 will still be embedded within the plug
62 because of its greater length and only when the plug
62 seats against the proximal end of the plug 26 will the
opening 40 emerge from the proximal end of the plug
62 to permit the medicament from the shifted space 64
to pass through the cannula 32 to the patient. Thus, the
embodiment is capable of administering three different
types of medicaments with a single puncture of the pa-
tient, a simple operation and without intermixing.

Those skilled in the art will recognize that the princi-
ples illustrated and described in conjunction with the
embodiment shown in FIG. 4 are not limited to applica-
tion with a syringe that is capable of administering no
more than three doses. That is, the same principles can
be applied to syringes capable of administering any
number of doses limited only by the practicality of the
use of such a syringe.

More particularly, the number of doses to be admin-
istered can be expanded if the following relations are
used to determine the distance between the openings in
the conduit 38 and the width of the plugs within the
barrel. In particular, the opening nearest the proximal
end of the apparatus in the conduit 38, namely the
opening 44, should always be immediately adjacent the
distal end of the barrel 10 as illustrated. Moving in the
proximal direction, the next opening, as illustrated in
FIG. 4, the opening 66, should be spaced from the first
opening a distance just slightly greater than the width
of the plug nearest the distal end of the syringe, here
the plug 26. The distance from the second opening to
the third opening should be equal to the sum of the

-widths of the first two medicament receiving spaces,
here the sum of the width of the spaces 28 and 60 and,
in turn, the second plug, here the plug 62, should have
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a width identical to that spacing. The distance between
the third and fourth openings should be equal to the
sum of the widths of the first three medicament receiv-
ing spaces as.should be the width of the third stopper,
etc. Expressed in general terms, the spacing between
any given pair of openings (other than the first and the
second which is fixed as mentioned above) must be
equal to the sum of the width of all medicament receiv-
ing spaces preceding the location of the proximal most
opening in the set. By the same token, the width of any
plug other than the first plug, must be equal to the sum
of the widths of the preceding medicament receiving
spaces.

Using the foregoing relations, the syringe can be ex-
panded indefinitely.

From the foregoing, it will be appreciated that the in-
vention provides an extremely simple sequential injec-
tion syringe which prevents, during operation, inter-
mixing of the various medicaments thereby allowing
multiple medicament administration through injection
with but a single puncture. A syringe according to the
invention is hardly more complicated than a conven-
tional one-dose syringe, requiring only one or more
plugs (depending upon the total number of different
medicaments to be administered) and the provision of
the inwardly extending medicament conduit, and there-
fore, may be constructed very economically.

Moreover, it will be recognized that the principles of
the invention are not only applicable to the type of sy-
ringe illustrated herein, but cartridge receiving types as
well. For example, a pre-packaged cartridge provided
with two or more medicaments separated by indepen-
dently movable plugs could be loaded into the barrel 10
prior to injection if desired. In such a case, it would
only be necessary to adjust the position of the openings
40, 44 and 66 in the direction of the piston 22 an
amount approximately equal to the thickness of the di-
aphragm on the end of the cartridge to be received in
the distal end of the barrel.

I claim: .

1. A sequential injection syringe comprising: means
defining a syringe barrel having, at one end, a cannula
carried by a cannula receiving means and at the other,
a grasping portion; plunger means within said barrel
and having a portion extending from the barrel at said
other end thereof; at least two separate plugs within
said barrel and movable therein independently of said
plunger, said plugs being adapted to define a number
of medicament receiving compartments one greater
than the number of plugs within said barrel, one com-
partment being between one plug and said one end and
one other compartment being between another plug
and said plunger; and a medicament conduit integral
with the cannula on said cannula receiving means and
including a tube-like element extending into said barrel
from said one end thereof, the innermost end of said
medicament conduit being disposed just within the plug
nearest the plunger and being configured to pass
through said plug and permit the entry of a medicament
into said medicament conduit, said medicament con-
duit including additional openings intermediate its
length within the barrel and equal in number to one less
than the number of plugs, one of said openings being
immediately adjacent said barrel one end with each ad-
ditional opening being within one of said plugs, each
said additional opening being spaced from the adjacent
additional opening nearer said barrel one end a dis-
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tance corresponding approximately to the width of the
plug in which it is disposed; the width of each plug
being approximately equal to the sum of the lengths of
all medicament receiving spaces on the side thereof
nearer said barrel one end, the length of said medica-
ment conduit within said barrel being just slightly
greater than the sum of the widths of all of said plugs:

2. The sequential injection syringe of claim 1 wherein
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said second opening is in the form of an aperture in the
side of said medicament conduit.

3. The sequential injection syringe of claim 1 wherein
said second opening is in the form of a slot along one
side of said medicament conduit extending from said
location immediately adjacent said barre} one end in-

wardly into said barrel.
ok * * * *



