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(57) ABSTRACT 

A valve assembly is disclosed Which partitions a conven 
tional syringe into proximal and distal chambers to provide 
a multi-chamber, sequentially dispensing syringe apparatus. 
Incorporated in the valve assembly is a valved stopper 
having a valve (eg a slit valve) and a separator Which ?lters 
out gas from liquid being dispensed through the valve 
assembly. A syringe plunger communicates through ?uid in 
the proximal chamber to force displacement of the valve 
assembly. The valve is actuated by di?erential pressure of a 
force greater than the valve assembly displacement force. 
The valve assembly may be made from tWo parts: (1) a 
valved stopper (may be molded from basic syringe plunger 
material); (2) a separator (may be injection molded from 
syringe barrel material). Key features of such a multi 
chamber syringe apparatus are (1) ?uids in the chambers are 
kept disparate; (2) the valve assembly may be used in 
conventional syringes; (3) gas in a closed chamber is ?ltered 
from delivered liquid; (4) bi-stable operation of a valve 
assembly valve permits re?ux free operation; (5) a clinch in 
the separator holds the valve securely closed until the valve 
is opened by a predetermined action, such action being 
tactilely sensible. A tubing set is disclosed Which may be 
added to provide a third disparate chamber. 
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MULTI-CHAMBER, SEQUENTIAL DOSE 
DISPENSING SYRINGE 

CONTINUATION-IN-PART 

[0001] This patent application is a Continuation-in-Part of 
US. patent application Ser. No. 10/838,101, titled MULTI 
CHAMBER, SEQUENTIAL DOSE DISPENSING 
SYRINGE, ?led by HoWlett, et al. (HoWlett) on May 3, 
2004, for Which a noti?cation of alloWance Was mailed to 
Applicants Oct. 5, 2005, and Which has an international PCT 
patent application number of PCT/US05/ 14299, ?led Apr. 
26, 2005. 

FIELD OF INVENTION 

[0002] This invention relates to multi-chamber syringes 
and, in particular, to syringes Which dispense ?uid from each 
chamber sequentially. 

DESCRIPTION OF RELATED ART 

[0003] During the last forty years, parenteral drug delivery 
has become increasingly common and sophisticated. It is 
currently estimated that nearly 90% of hospital patients 
receive IV medications, often through a variety of apparatus, 
including expensive electronic IV pumps and multi-channel 
infusion systems. Home care patients may receive antibiot 
ics through an elastomeric “ball” pump. Syringe pumps are 
common in many hospital and alternate site settings and are 
often used as a loW cost alternative to more expensive IV 

pumps. 

[0004] Virtually all IV medications, administered through 
a catheter or IV tubing, must be ?ushed into the vascular 
system With saline or a similar physiologically compatible 
?ushing ?uid. Such ?ushing assures that a patient receives 
a full dose of medication, some of Which otherWise might 
remain in the associated IV tubing or catheter. Flushing also 
assures that a subsequently infused incompatible medication 
does not come in contact With a previous one. It is Well 
knoWn in the infusion art that ?ush solutions are also used 
to keep an infusion line patent or open. 

[0005] With rising healthcare costs, and an ever increasing 
shortage of nurses and pharmacists, there is a strong moti 
vation to streamline basic procedures, such as IV catheter 
?ushing to save clinician time. Noting that ?ushing usually 
necessitates use of a second ?ushing syringe (Which is often 
currently factory pre-?lled), the ?ushing syringe represents 
added cost, not only in clinician time, but in terms of 
required additional syringes. Use of multiple syringes also 
increases risk of medication error (incorrect selection of 
?ushing liquid) and introduction of microorganisms (a func 
tion of number of IV line or catheter accesses). 

[0006] As an example, it is currently estimated that there 
are over 500 million antibiotic and chemotherapy medica 
tions administered annually in the United States. Each of 
these administrations are taught to require a folloW-on ?ush, 
currently necessitating use of a second syringe in most cases. 
Combining antibiotic or chemotherapy and ?ush medica 
tions in one multi-chamber, sequential dose syringe prom 
ises to save over 500 million syringes, yearly in the United 
States alone, plus that additional time required for tWo 
syringe delivery. 
[0007] Multi-chamber syringes in various forms are Well 
knoWn. Commonly, multi-chamber syringes are offered for 
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use as mixing syringes and for sequential delivery of dis 
parate ?uids, maintaining the ?uids as disparate entities until 
delivered. Mixing syringes most often provide features for 
mixing contents of the chambers and for delivering the 
mixed ?uids simultaneously. Though this invention may 
utiliZe a mixing syringe Within one or more chambers, the 
invention, itself, is independent of methods of mixing Which 
may be utiliZed in mixing syringes. 

[0008] Generally, Within each serial delivery syringe, 
chambers are separated by an intermediate sliding stopper 
Which receives motive force communicated through an 
intermediate ?uid from a primary stopper Which is part of a 
plunger assembly against Which an external force is applied. 
For disparate ?uids to be dispensed sequentially or serially, 
each intermediate stopper must provide a ?uid-tight seal 
until all ?uid from a distal chamber is evacuated from the 
syringe. Once the distal chamber of the syringe is so purged, 
that intermediate stopper must be breached or bypassed to 
permit dispensing of the contents of a proximal or interme 
diate chamber. 

[0009] An example of a multi-chamber syringe is provided 
in US. Pat. No. 4,929,230 titled SYRINGE CONSTRUC 
TION and issued May 29, 1990 to Frederick W. P?eger 
(P?eger). P?eger teaches a distortable piston Which is used 
as the intermediate stopper. The piston of P?eger collapses 
upon contact With a distal end of a syringe to provide a ?uid 
pathWay to dispense contents from the intermediate cham 
ber. 

[0010] While a syringe made, as an example, according to 
P?eger appears to provide a solution for sequentially dis 
pensing disparate ?uids, there are a series of concerns Which 
Would necessarily be associated With using such a syringe to 
dispense sequential doses of medications. A ?rst concern 
arises, for example, When it is recogniZed that such a syringe 
may be used to dispense an accurately measured dose of a 
very expensive medication into an IV apparatus from a distal 
chamber of a multi-chamber syringe. Then, immediately 
folloWing dispensing the ?rst medication, a volume of a 
folloWing solution is dispensed through the IV line to fully 
?ush the ?rst solution. 

[0011] Clearly, a deformable piston, having a holloW por 
tion, such as the stopper of P?eger Would not have Zero dead 
space. Also, it is Well knoWn that ?lling procedures for 
contents of the proximal chamber may permit a quantity of 
air (or other gas) to be trapped therein. It may be noted that 
even if such gas is not trapped during ?lling, free gas may 
be found in the proximal chamber simply as a result of 
out-gassing. P?eger does not teach a Way of purging the 
proximal chamber of gas or of containing any gas in the 
proximal chamber While only dispensing liquid therefrom, 
making such a system unacceptable for use in directly 
administering intravenous liquid medications to a patient. 
While other art may provide more effective Ways to deal 
With the dead space issue, there is no knoWn art Which 
teaches a Way of delivering only liquid from the proximal or 
intermediate chambers. That such may be a problem is 
recogniZed by US. Pat. No. 5,236,420 titled BYPASS, 
PRESSURIZED PISTON FOR CHAMBERS issued Aug. 
17, 1993, also to Frederick W. P?eger, discloses a valved 
plunger Which may be used to evacuate gas from a proximal 
syringe chamber. 
[0012] Other art, such as US. Pat. No. 6,027,481 issued 
Feb. 22, 2000 to Laurent Barrelle, et al. (Barrelle) and US. 
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Pat. No. 5,851,200 issued Dec. 22, 1998 to Tetsure Higash 
ikaWa, et al. (HagashikaWa) disclose multi-chamber 
syringes With sliding valves. However, in each case, Barrelle 
and HigashikaWa teach special structure requirements 
imposed upon a syringe barrel (a channel in the case of 
Barrelle and a bulge in the case of HigashikaWa) Which is 
used to provide a ?uid pathWay about a stopper. 

[0013] Another US. Pat. No. 6,723,074 B1, titled 
SEQUENTIAL DELIVERY SYRINGE and issued Apr. 20, 
2004 to Thor R. Halseth (Halseth) teaches a sequential 
delivery syringe Which utiliZes a modi?cation to a discharge 
opening of a syringe for providing access to a rear chamber 
of a tWo chamber syringe. The modi?cation comprises 
disposing a piercing member at the discharge opening. The 
piercing member punctures a “mid-piston” and a collapsible 
bag disposed in a rear chamber to provide access to ?uid in 
the bag. Access occurs When the mid-piston is displaced by 
action of a plunger and stopper piston to cause the mid 
piston and bag to contact the piercing member. 

De?nition of Terms: 

[0014] FolloWing is a brief list of clarifying de?nitions for 
terms used in this Application: 

assembly n: a device Which is made from at least tWo 
interconnected parts 

[0015] barrel n: a cylindrical elongated portion of a 
syringe Which is conventionally open on one end to receive 
a plunger and stem used for displacing ?uid Within the barrel 
and partially closed at an opposite end except for an ori?ce 
through Which ?uid is ejected or aspirated 

bi-stable adj: a descriptor for a device having tWo stable 
states 

clinch n: a structure or device Which acts upon a part to 
clamp it closed While in contact thereWith 

conventional adj: a sanctioned by general custom; i.e. com 
monplace, ordinary 

chamber n: a volumetric portion of a divided barrel 

disparate n: When used in conjunction With a liquid volume, 
a volume of liquid Which is distinctly separate from another 
liquid volume 

differential pressure (AP) n: a pressure gradient resulting 
from unequal pressures exerted upon opposing sides of a 
structure; generally as used herein, AP=PP—PG1 

distal adj: a term Which depicts placement aWay from a 
reference point (e.g. aWay from a user of a syringe) 

dome n: an arcuately shaped surface (eg a hemisphere) 

doWnstream adj: a direction Which is consistent With ?oW 
out of a syringe or aWay from a user 

?uid n: a substance (eg a liquid or gas) Which tends to take 
the shape of a container 

front adj/n: distally disposed or a distally disposed site (eg 
a front of a syringe comprises the barrel ori?ce) 

gas n: a ?uid Which is neither solid nor liquid 

gas separator n: a liquid ?lter Which inhibits gas ?oWing 
there through 
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liquid n: a ?uid Which is neither solid nor gaseous, free 
?oWing like Water 

non-planar adj: not planar in a resting or stable state 

medial adj: occurring aWay from an outer edge; disposed 
near the center of (eg disposed aWay from an edge or 
periphery and in the vicinity of a center of gravity or axis of 
symmetry) 
Pd1 n: pressure in a distal chamber 

plunger n: a portion of a syringe piston apparatus usually 
a?ixed to a syringe stem Which is used to displace ?uid 
Within a syringe barrel 

prime v: to ?ll liquid into a cavity generally by removing air 
therefrom (e.g. priming a gas separator) 

Pp n: pressure in a proximal chamber 

proximal adj: opposite of distal (eg a term Which depicts 
placement nearer than a reference point) 

rear adj: opposite from front (i.e. generally associated With 
a part of a syringe barrel Which is proximal to a syringe user) 

re?ux n: a type of undesired retrograde (upstream) ?oW of 
liquid (e.g. blood) into a catheter or the like from a vessel in 
Which the catheter or the like resides 

separator n: a liquid ?lter Which impedes passage of air as 
liquid ?oWs through the separator 

stiction n: a special case of friction; stiction being the force 
required to initiate motion to a resting body, esp. When 
stiction is greater than moving friction 

stem n: an elongated part Which ?ts Within a syringe barrel 
and is a?ixed to a plunger for the purpose of displacing ?uid 
Within the barrel 

stop n: a obstruction Which is differentiated from friction or 
stiction Which halts displacement of a stopper or plunger 

stopper n: a plunger associated With a stopper assembly, in 
the instant invention, the stopper contains a self-actuating 
bi-stable valve 

syringe n: a device used for injecting or WithdraWing ?uids 

upstream adj: a direction Which is against the direction of 
?oW from a syringe (opposite of doWnstream) 

BRIEF SUMMARY AND OBJECTS OF THE 
INVENTION 

[0016] In brief summary, the currently preferred embodi 
ment of this novel invention alleviates all knoWn problems 
related to providing an effective multi-chamber, sequential 
dose dispensing syringe. Inherently, the invention involves a 
stopper assembly Which is disposed to operate Within a 
conventional, substantially constant diameter syringe barrel 
to separate a distal chamber from a proximal chamber. 
Before dispensing, the distal chamber generally contains a 
?rst volume of liquid. The proximal chamber contains a 
disparate second volume of ?uid. A closed valve in the 
stopper assembly keeps the contents of each chamber sepa 
rate from the other. 

[0017] In this currently preferred embodiment, the stopper 
assembly comprises tWo elements, a valved stopper and a 
stopper stabiliZer and gas separator (referenced hereafter as 






















