SYRI NGE ASSEMBLY AND AN | NFUSI ON PUMP ASSEMBLY | NCORPORATI NG SUCH FI ELD OF
THE | NVENTI ON The present invention relates to an infusion punp assenbly for
controlled delivery of a pharmaceutical product to a subject, and nore
specifically to a syringe assenbly for use with the infusion punp. 5
BACKGROUND COF THE | NVENTI ON I nfusion punps provide a significant lifestyle
benefit for individuals requiring nmultiple deliveries of volunetrically
proportioned medication to their body over a period of tine. Infusion punps
reliably dispense the required nedication to the patient through an

i nfusi on path established between the patient and the punp. The 10 infusion
path is a conduit secured to the punp system at one end and secured

i ntravenously or subcutaneously to a patient on the other. The operation of
the infusion punp is controlled by a processor. The processor controls the
delivery of periodic dosages of nedication to a patient at predeterm ned
tinmes, Thus, a patient is able to rely on the infusion punp for delivering
the required dosage of nedication is intravenously or subcutaneously over a
period of tinme. In this way, the patient need not interrupt life activities
for repeated manual delivery of required nedication. As is known, infusion
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the infusion path to the subject. The piston 20 type drive selectively
drives the syringe plunger to dispeosgHRINMENTIEN anmount of fluid fromthe
syringe housing. -2- SUMMARY OF THE | NVENTI ON The features and advant ages
of the invention w . ' LR i |l ows, and in
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5 BACKGROUND OF THE INVENTION

Infusion pumps provide a significant lifestyle benefit for individuals
requiring multiple deliveries of volumetrically proportioned medication to their body
over a period of time. Infusion pumps reliably dispense the required medication to the
patient through an infusion path established between the patient and the pump. The

10 infusion path is a conduit secured to the pump system at one end and secured
intravenously or subcutaneously to a patient on the other. The operation of the
infusion pump is controlled by a processor. The processor controls the delivery of
periodic dosages of medication to a patient at predetermined times. Thus, a patient is
able to rely on the infusion pump for delivering the required dosage of medication

15 intravenousty or subcutaneously over a period of time. In this way, the patient need

not interrupt life activities for repeated manual delivery of required medication.

As is known, infusion pumps often employ a piston-type drive
mechanism for urging the contents of a pharmaceutical cartridge or "syringe
assembly” internal to the pump along the infusion path to the subject. The piston-

20 type drive selectively drives the syringe plunger to dispense a desired amount of fluid

from the syringe housing.




pointed out in the witten description and clains below, as well as in the
attached drawi ngs. In accordance with an aspect of the invention, a syringe
assenbly for wuse with an infusion punp having a drive piston is provided.
~The syringe assenbly io conprises a substantially holl ow syringe housing and
a plunger axially novable within the syringe housing to dispense a fluid
therefrom The plunger has a body with ga_ portion thereof configured to
engage a radially elastic nmenber associated with the drive piston such that
the plunger is releasably axially secured relative to the drive piston. is
In accordance with another aspect of the invention, an infusion punp
assenbly is provided. The i nfugiMMaRBRTIRSERERYON¢ONMPri ses an insulin punp
including a drive piston having a radially elastic menber associated
therewith, and a s r| e assenbly. The sy ass clude
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t he pIunger has a second annui ar groove. The radially elastic member is

posi ti onal I "¥Fn the first and second grooves to releasably, axially

secure the plunger Helatlﬁﬂﬁ %he drlwg kato DESO% PTI ON OF THE
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preci se argRAGeIRdST canthur&wtd aHRBE alrbdibBselsftWWRember associated with the
drive piston such that the plunger is releasably axially secured relative to the drive

piston.

15 In accordance with another aspect of the invention, an infusion pump
assembly is provided. The infusion pump assembly comprises an insulin pump
including a drive piston having a radially elastic member associated therewith, and a
syringe assembly. The syringe assembly includes a substantially hollow syringe
housing and a plunger axially movable within the syringe housing to dispense a fluid

20 therefrom, the plunger having a body with a portion configured to engage the radially
elastic member associated with the drive piston such that the plunger is releasably

axially secured relative to the drive piston.

In accordance with another aspect of the invention, the drive piston has
a first annular groove and the plunger has a second annular groove. The radially
25 elastic member is positional within the first and second grooves to releasably, axially

secure the plunger relative to the drive piston.




In the drawings: Fig. 1 is side elevation view of an exenplary infusion punp
i ncor porating an enbodi nent of the present invention, the infusion punp
having a io wall of its casing renoved to show the | ayout of the conponents
therein; Fig. 2 is a side elevation view of the infusion punp showm in Fig.
1 with the wall in place and the punp door open; Fig. 3 is an end el evation
view of the infusion punp with the pung door open for |oading a syringe
assenbly; Fig. 4 is an isonetric view of a syringe assenbly in accordance
with an exenplary enbodi nent of the present invention; FIG 5is a
cross-sectional view along the line 5-5in Fig. 4, FIG 6 is an expl oded

cross-sectional view of apdrEFMEEJGRIPTAONIOF THEDRAVANGE W th an exenpl ary
enbodi ment of the invention; 20 FIG 7 is a side elevation view in parti al
section illustratinghd fesegarigosunofiaryl bewsy es fgefodssiegleyaiientdesdripéion of usi on
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Fig. 2 is a side elevation view of the infusion pump shown in Fig. 1 with

the wall in place and the pump door open;

Fig. 3 is an end elevation view of the infusion pump with the pump door

open for loading a syringe assembly;

5 Fig. 4 is an isometric view of a syringe assembly in accordance with an

exemplary embodiment of the present invention;
FIG. 5 is a cross-sectional view along the line 5-5 in Fig. 4;

FIG. 6 is an exploded cross-sectional view of a drive piston in

accordance with an exemplary embodiment of the invention;

20 FIG. 7 is a side elevation view in partial section illustrating insertion of

the syringe assembly into the infusion pump casing;

FIG. 8 is a cross-sectional view illustrating the syringe assembly of Fig.

7 loaded in an operational position within the infusion pump;
FIG. 9 is a cross-sectional view along the line 9-9 in Fig. 8; and

25 FIG. 10 is a cross-sectional view illustrating an alternative syringe

assembly loaded in an operational position within the infusion pump.




inport. Referring to Fig. 1, piston-type infusion punp 5 in accordance with
an io exenplary enbodi nent of the present invention is shown for delivering |
medi cation 24 or other fluid (in phantonm) to a patient along infusion path
14. Infusion punp 5 desirably includes seal ed punp casing 7, processing
circuitry 200, power cells 70, notor 10, gear train 28, |lead screw 15, and
drive piston 22. Syringe assenbly 12 is4-positional within punp casing 7
such that drive piston 22 engages plunger 20 of i, syringe assenbly 12. In
operation, processing circuitry 200, powered by power cells 70, controls
the operation of infusion punp 5. Mdtor 10 is increnentally engaged to

i nfuse nedication to a paETRREDAIESOREHEOR IOFI THEINVANEIONI s. Upon engagenent,
notor 10 causes |lead screw 15 to rotate by neans of gear train 28. \Wen
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42, prim rigredtton 44, battery door 40, hinge 38 punp door Iatch 48, and
punp door 36. To load a syringe assenbly 12 within casing 7 punp door 36 30
i s opened to expose REFEMMhiRF ot mﬂ?ﬂ§Y%%mB6FW‘3@”%ﬁd“ﬁg¥¥$¥§e&@3@”4o
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positional within pump casing 7 such that drive piston 22 engages plunger 20 of

15 syringe assembly 12.

In operation, processing circuitry 200, powered by power cells 70,
controls the operation of infusion pump 5. Motor 10 is incrementally engaged to
infuse medication to a patient at predetermined intervals. Upon engagement, motor
10 causes lead screw 15 to rotate by means of gear train 28. When lead screw 15 is

20 driven by motor 10, drive piston 22 is driven axially toward syringe assembly 12,
thereby pushing plunger 20. This causes delivery of medication 24 from within
syringe housing 26 of syringe assembly 12. Infusion path 14 is connected by |
connector 27 to dispensing tip 25 (see Fig. 5) of syringe housing 26 to provide fluidic

communication between infusion pump 5 and a patient.

25 Referring now to FIGS. 2-3, casing 7 of infusion pump 5 is shown.
Pump casing 7 is desirably formed of a thermoplastic material and preferably made
watertight by sealing any openings therein. Desirably, pump casing 7 supports LCD
display 30, keypad 42, priming button 44, battery door 40, hinge 38, pump door latch
48, and pump door 36. To load a syringe assembly 12 within casing 7 pump door 36

30 is opened to expose the interior infusion port 50 and battery door 40. Syringe
assembly 12 is configured to be moved axially through interior infusion port 50 into

the interior of pump casing 7 such that plunger 20 axially engages drive piston 22, as




pi vot open at hinge 38. Battery door 40 is renovable for replacing the power
cells 70. The present invention is not limted to the illustrated infusion
punp. Infusion punp 5 may have various configurations including various
controls, power sources, drive neans, access ports and doors, sizes and
shapes. Referring to Figs. 4 and 5, syringe assenbly 12 includes plunger 20
and syringe housing 26. Seal rings 29-gr- the |ike are provi ded between

pl unger 20 and syringe housing 26 to seal nedication 24 within syringe
housi ng 26. Seal rings 29 to also provide a friction force between plunger
20 and syringe housing 26. This friction force axially secures plunger 20
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i nfusion pu Referring to Figs. nd drive piston 22 includes
t ubul aF bo@yalkylﬂxed in place by door 36 of casing 7 such thaf medication 24 is dispensed

through dispensing tip 25. Connection interface 23 is provided adjacent dispensing tip
25 to facilitate connection to connector 27. Various connection interfaces 23 may be

provided.

In the present embodiment, plunger 20 includes tubular body 31 which
20 has a generally hollow interior 37 extending between closed end 33 and generally
open end 35. Generally open end 35 is configured to receive drive piston 22 as will be
described hereinafter. Plunger body 31 may include vent holes 32 or the like to allow
pressure to escape as drive piston 22 is advanced into hotlow interior 37, Interior
annular groove 39 is provided along the interior surface of plunger body 31 and is
25 configured to receive a radially elastic member as described hereinafter to axially
secure plunger 20 relative to drive piston 22. Interior annular groove 39 is desirably
provided adjacent generally open end 35, but may otherwise be positioned. Syringe
assembly 12 as illustrated in Figs, 4 and 5 is pre-filled with medication 24 or the like

and is ready for use in infusion pump 5.

30 Referring to Figs. 6 and 7, drive piston 22 includes tubular body 41
having a hollow interior portion 47 which is configured to receive lead screw 15.
Threads 44 adjacent open end 45 of piston body 41 are configured to engage threads
16 of lead screw 15 to facilitate driving motion of drive piston 22. Drive piston 22 is




having a hollow interior portion 47 which is configured to receive | ead
screw 15. Threads 44 adjacent open end 45 of piston body 41 are configured
to engage threads 16 of lead screw 15 to facilitate driving notion of drive
piston 22. Drive piston 22 is -6- supported within casing 7, either by |ead
screw 15 al one or via other support structures (not shown). Shoul der 51 may
be provi ded about open end 45 to furthgr support drive piston 22 within
casing 7. End 43 of piston body 41 is configured to receive cap 49 which is
desirably manufactured froman el astoneric nmaterial. 5 Alternatively, end 43
may be manufactured as a closed end or cap 49 may be fornmed integrally
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53 are destdgalllyfthexiitdl Fot exbingrRediavemnsiyingnge assenbly 12 is fully
installed in infusion punp 5 and cap 49 contacts plunger closed end 33. 15
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Radially elastic
15 As illustrated in Fig. 7, to install syringe assembly 12 within infusion

pump 5, syringe assembly 12 is moved axially through interior infusion port 50, as
indicated by arrow A. End 43 of drive piston 22 enters plunger 20 through open end
35 and passes through hollow interior 37 until cap 49 engages closed end 33. As
radially elastic member 60 enters through plunger open end 35, radially elastic

20 member 60 compresses such that radially elastic member 60 enters into the hollow
interior 37. To assist such compression, inward taper 34 is desirably provided about
open end 35. As radially elastic member 60 axially aligns with interior annular groove
39, radially elastic member 60 radially expands and engages interior annular groove
39, thereby axially securing plunger 20 relative to drive piston 22. Radially elastic

25 member 60, inward taper 34 and interior annular groove 39 are desirably configured
such that the insertion force required to insert and operatively engage plunger 20 with
drive piston 22 is less than the friction force between plunger 20 and syringe housing

26 such that plunger 20 does not move relative to syringe housing 26 during insertion.

With radially elastic member 60 engaged between plunger 20 and drive
30 piston 22, which is controllably axially fixed within casing 7, radially elastic member
60 provides an additional force against axial movement of plunger 20 relative to
syringe housing 26. As such, a total force, equal to the friction force plus the elastic

member additional force, axially secures plunger 20 relative to syringe housing 26.




25 nmenber 60, inward taper 34 and interior annular groove 39 are desirably
configured such that the insertion force required to insert and operatively
engage plunger 20 with drive piston 22 is less than the friction force

bet ween plunger 20 and syringe housing 26 such that plunger 20 does not
nove relative to syringe housing 26 during insertion. Wth radially elastic
menber 60 engaged between plunger 20 and drive 30 piston 22, which is
controllably axially fixed within casing 7, radially elastic nmenber 60
provi des an additional force against axial novement of plunger 20 relative
to syringe housing 26. As such, a total force, equal to the friction force
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drive;;s  syringe housing 26 remains the same, but the required drive force, i.e., the axial force
required to overcome the friction force, is reduced from 2 Ibs. to 1.5 Ibs. The pump
system may be operated more efficiently due to the reduction in the required drive

force.

When syringe assembly 12 is to be removed, an axial force opposite

20 arrow A is applied to syringe assembly 12. Radially elastic member 60 again
compresses and disengages from interior annular groove 39. To facilitate such, it is
desirable that at least rear edge of annular groove 39 has a tapered side wall 57. Both
side walls 57 may be tapered. In a desired configuration, opposed side walls 57 are
angled relative to one another between approximately 90° and 175°, desirably at

25 approximately 135° relative to one another. To further ensure that radiatly elastic
member 60 disengages from interior annular groove 39 and not exterior annular
groove 53, exterior annular groove 53 is desirably deeper than interior annular groove
39. In a desired configuration, interior annular groove 39 and radially elastic member
60 are configured such that the force required to disengage radially elastic member 60

30 from interior annular groove 39 is less than the friction force such that the syringe

assembly 12 is removed without separating syringe housing 26 from plunger 20.




force. Wien syringe assenbly 12 is to be renoved, an axial force opposite
ao arrow Ais applied to syringe assenbly 12. Radially elastic nenber 60
again conpresses and di sengages frominterior annular groove 39. To
facilitate such, it is desirable that at |east rear edge of annul ar groove
39 has a tapered side wall 57. Both side walls 57 may be tapered. In a
desired configuration, opposed side walgls 57 are angled relative to one
anot her between approxi mately 90 and 175, desirably at 23 approxi mately 135
relative to one another. To further ensure that radially elastic nenber 60
di sengages frominterior annular groove 39 and not exterior annular groove
53, exterior annul awhge emacHicTdrck valdes arcalniyedeefer, subfanalled efifor annul ar

groove 39. In.a desired configurati Lnteri.gr.ann 0 , and

P a1y drgtii® fiRes SriGd 3¢ b8 rPisehdd BE LR REr A RE PRRERAE T ea 1o
di sengagewithdifédrent askeciated foreerib@nesc@e30thin tra dcapeef e iavantloar groove 39 is
| ess than the friction force such that the syringe assenbly 12 is renoved
Wi t hout separating SyPrmerseAbesPeymest rrga pflattigerember 6F is-Banigf fdl specific
f Olr ce svgl R E a_Utsinb\iin(ﬂgFibE‘D.le)iAﬁiil_l&_‘;&%hv&@éd&@ﬁc@rﬁ)rfnf@_ris dbdcisd at U\ee Eur poses
only an re not to be limt : ner._con urations, Wt

a1 er ont PHga0 R0 o4 B4 A6E et R Hratddthenh 1 e S00shE SRS sliet on. 11
t he presef? irehvediameuralityrddbaliepnglvest eachré e coiloDearss einamtedorpwcted spri ng
62, as sh i i N r.at.i: i ry j ibed in
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spring escri bed

Whi |l e canted " coi I's shown and erein, other radially
el astic menbers 60, rdt@fring to Fig. 10, an alternative embodiment of the present invention

(5 is shown. The present embodiment is similar to the previous embodiment, except that
plunger 20’ of syringe assembly 12’ includes an exterior annular groove 39’ while drive
piston 22" includes an interior annular groove 53’. Rear end 35’ of plunger body 31’ is
configured to be received within drive piston 22’ and forward end 33’ forms a head.
Seal rings 29 or the like are provided between the head and syringe housing 26.

20 Radially elastic member 60 is retained in interior annular groove 53’ and is engagable
with exterior annular groove 39’ to axially secure plunger 20’ relative to drive piston
22'. In other aspects, the infusion pump assembly generally operates as in the

previous embodiments.

Although the invention is illustrated and described herein with reference
25 to specific embodiments, the invention is not intended to be limited to the details
shown. Rather, various modifications may be made in the details within the scope and

range of equivalents of the claims and without departing from the invention.




exanple, a solid ring made fromel astoneric material, may be utilized.
Referring to Fig. 10, an alternative enbodi nent of the present invention 15
is shown. The present enbodinent is simlar to the previous enbodi nent,
except that plunger 20" of syringe asgenbly 12' includes an exterior
annul ar groove 39' while drive piston 22' includes an interior annular
groove 53'. Rear end 35 of plunger body 31' is <configured to be received
Wi thin drive piston 22' and forward end 33" fornms a head. Seal rings 29 or
the Iike are provided between the head and syringe housing 26. 20 Radially
el asti c nwhixek Cmis; retained in interior annular groove 53' and is
engagable wth exterior annular groove 39' to axially secure plunger 20

relative to drive piston 22'. In other aspects, the infusion punp assenbly
generally operates as in the previous enbodi nents. Although the invention
is illustrated and descrAnbetisiverpeimp gdsemblyefoerpeisiog: 2s to specific

enbodi nents, the invention is not intended to be limted to the details
shown. Rat her, variaussytvdiumcacivding angijveistpmbaving atraeiateeldplic within the
scope andmeh@@g§$g&a@gqha%uﬂﬂts of the clainms and wi thout departing fromthe
invention. It -9- What is Clained: 1. An infusion punp assenbly conpri sing:

an insuli 3 pﬁrrp ingd gdln@c aasedrﬁbw&wcmdsn%lcmsmvalnrmgu;ahds@dd @)rln}gjeﬂhbwth hnFrber
associ ate erew t | e. asse ncl udl n u t Tl (0] ow
e ke R AR 3T S AR 8 a0 e B Dl At ook by ¢ o
expel a fihaiptrigeehafin@mbody méthpl porgen cordigurg! ta dngegye et r!adaallp@ratstlon _
o Our ehBarraBag gyl by ELasld Gnal BENInAP ROCI AL Wil Lhe or i ve

pi ston suc Iugger easa ax| secur e ve to the
drive pi stesHieddn@tivier dierdrivedigipuingsk body includes a first annul ar groove

configured to recelve a ﬁortlon of the radially elastic nmenber and the
drive piston inclu qyergin the plunger body includes a first annular groove configured to

receive a portion of the radially elastic member and the drive piston includes a
second annular groove configured to receive a portion of the radially eleastic
member and at least a portion of the plunger body is configured to be received
within a portion of the drive piston and the first annular groove is an exterior groove

and the second annular groove is an internal groove.,

2. The infusion pump assembly of claim 1 wherein the first and
second annular grooves are axially aligned when the plunger is positioned in a final

assembled position relative to the drive piston.

3. The infusion pump assembly of claim 1 wherein the first
~annular groove has opposed side walls which are angled relative to one another by
approximately 90 to 175 degrees.

4, The infusion pump assembly of claim 1 wherein the interior
“annular groove has opposed side walls which are angled relative to one another by

approximately 135 degrees.




second annul ar groove configured to receive a portion of the radially

el eastic nenber and at least a portion of the plunger body is configured to
be received wthin a portion of the drive piston and the first annul ar
groove is an exterior groove and the second annular groove is an internal
groove. 2. The infusion punp assenbly of claim1l wherein the first and
second annul ar grooves are axially aligned when the plunger is positioned in

a final assenbl edgposi trhOthi&bRbiME abRntd obEihiMe 1 NHREOR th3sechRE 1 nfusion
punp assenblérof claiml wherein the first annul ar groove has opposed side

wal |'s whiBRUSF 8rogNgliehdiadly SeprRas the Bl randt & 359°Veappr oxi mately 90 to 175
degrees. 41 4. The infusion punp assenbly of claim1l wherein the interior
annul ar groove has opposed side walls which are angled relative to one :
anot her by approxi.mte 135 degrees. -10- 5. The jnfusion pu assenbly of
It m 1 wher arn tné-secdna Tt BREBssTN o sl S e R "The Ti Tt
annul ar g@deenendberThe cenfedspbapningp assenbly of claim 1l wherein the
radially elastic nenber is a canted coil spring. 7. The infusion punp
assenbly of claim1l wherein the radially elastic nmenber is a solid ring
manuf actured from an el astoneric material .

7. The infusion pump assembly of claim 1 wherein the radially

elastic member is a solid ring manufactured from an elastomeric material.






