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of the Inventlon : Many drugs in the healthcare field are

adm nistered to a patient on a conti nmnmmps Conti nuous delivery

of a drug to a patient was initially ; ;eyed Y placing a drug delivery

bag filed with a drug.above the pati éﬁ—éﬁ?ﬁ‘——“mm leting gravity force
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successful for jmany applications, its drawbacks included a) an
unsteady flofi"®*he patient due to the changi ng hei ght of the intravenous
.10 - infusion site reI atlve to thesgg_rg_gdhign,lnvmmthe awkwar dness of
requiring the pat I|ve al |
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bag at all times, and c) the constant adnmmant of a roller clamp which regulates the flow to the patient.
Elactromechanical infusion pumps were developed to mitigate these concerns. However, the utility of such pumps
was hindered by their bulky size and by their need for a constant source of electricity. These hindrances are
especially troublesome in situations where 2 patient is at home and ambulatery, thus requiring the freedom to move
15 about. - -
. During the past five years, a new style of apparatus has entered the marketplace for controfled delivery
of 2 drug which does not require the uss of an electromechanical infusion pump, and thus is suited for the controlied
delivery of drugs to patients who are amhhhtory. This naw style utifizes an inflatable latex rubber balloon housed
inside a rigid, clear plastic housing. When the devices are filled with a drug, the latex hallnoh expands. An
20 administration set is attached to the device and thus acts as the conduit for the dfuy to the patient. When the
| - balloon is infiated by the drug, the balloon itself becomes the driving force to transfer the drug out of the reserveir
" to the patient via the drug administration set. Controlled release of the drug at a desired flow rate is achieved by
placing an orifice of predetermined diameter in the drug ine. Thess devices generafly operated at a relatively high
pressures of approximately 10 to 15 psi. Examples of the latex balloon system are disclosed in U.S. Patent Nos.
25 4,769,008 and 4,915,693 and European Patent Application 0,426,318 A2. _ '

' Aithough the latex balloon method of drug delivery has certain advantages over the alectromechanical
infusion pump, the method alsp has its disadvantages. For example, because the balloon expands in all diractions,
the shape of the housing enclosing the balloon is round. This round shape does not conform well to the patient
‘when wom in the patient's pocket. Furthermore, some of the latex balioon style devices require a special machine.

30 to fill and pressurize the balloon with a dmg; " Consaquently, the pharmacist must use the spacial machine to load
the device. Thus, there exists the need for a safe, economical drug delivery system which could (a) be
_ im:nnspicuohsly and comfortably worn hy the patient, (b) allow the pharmacist to fifl the drug container without the-
use of a special pressurizing device, (c) allow the nurse or patient to load the drug container into the pressurizing
device, (d) allow for reuse of parts of the system. | |
. 35 '
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wherein the comprassion means achieves a substantially constant flow rate from the fluid reservoir by increasing
the force applied to the fluid ressrvoir as the second wall moves toward the ‘sacond position. |
Further features and advantages of the present invention will became apparent to one of skill in the art
20 from a review of the Detailed Description of Preferred Embodiments which follows, when considersd with the

attached claims and drawings.

Brief Description of the Drawings

Figure 1 is an zsnmstm: view of the infusion device of the present invention.

Figure 2 is 2 partlal cross-sectional view of the infusion device of Figure 1 with the shefls not angagad
25 Figure 3 is 2 side cross-sectional view of the top shel of Figure 2.

Figure 4 is a cross-sectionsl view of the infusion device of Figure 1 with the shalis fully engaged.

Fipuias Sa and 5b are & plan view and side view, respectively, of the rotatable spring retainer used in the

infusion devices of Figure 1. |

Figures Ba and &b are a plan viéw and side view, respactively, of the platen used in the infusion device
30  of Figurs 1. _ '
Figure 7 is a plan view of the fluid delivery bag nf tha present invention.

Figure 8 is an isometric view of an alternate embodiment of the infusion device of the present invention.

" Figure Ba is a cross-sectional view of the infusion device of Figure B inan open position.

Figure Bb is a cross-sectional view of the infusion device of Figure 8 in a closed position. -

35 .' . - Figure 9 is @ top perspective view of 8 dual concentric platen embodiment of the infusion pump in

accnrdanca with the prasam invention.
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' Figure 18 is an elavationa! cross-sectional view of a laver assisted spring retractor in accordance with the
15 - present invention. )
' Figure 19 is an elevational cross-sectional view of the embadiment of Figure 18, with the platen in the
ratracted position. | _ |
Figure 20 is an elevational cross-sectional view of the embodimant of Figure 18, at the commencement of
the dispensation cycle. ' '
0 Figure 21 is an elevational cross-sectional view of a key-operated platen retractor in accordance with the
present invention, | |
Figure 22 is an elevational cross-sectional visw of the embodiment of Figure 2, with a key in place.” -
Figure 23 is an elevational cross-sectional view of the embodiment in Figure 21, at the commencement of
the dispensation cytle, ' '
- 25 Figure 24 is an alternate embediment of the design illustrated in Figure 23.
Figure 25 is an elevational mss-séctinnal view of an infusion pump .havinn a coliapsible platen retractor.
Figure 26 is an elevational cross-sactional view 6f the pump of Figuro 25, at the completion of the
dispensation cycls. -
Figure 27 is an elemmnal tross-sectional view of an ultralow profile pump in accordance with the present
30 mentlon
Figure 28 is an elevational cross-sectional view of the pump of Figure 27, with the platen fully retracted.
Figure 28 is an elevational cross-sectional view of the pump of Figure 27, at the commencement of the |
dispensation cycle. - '
Figure 30 is an elevational view of the pump flustrated in Fipure 28.
3k ‘Figure 31 is an elevational cross-sectional view of an slternate platen retractor in accordance with the
present invention, S
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aten enbodi nent of t-he infusion P
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Figure 41 is an slevational cross-sectional view of the embodiment of Figure 38, at-the commencement of
dispensation cycle.

Figure 42 is an elevational view of a linkaga assembly.

" _Figure 43 is an elovational view of an alternate linkage assembly. .

Figure 44 is an elevational cross-sectional viaw of an infusion pump having a drag efement in accordance
with the present invention. |

Figure 45 is an elevational cross-sactional view of an empty indicator in accordance with tﬁe present
invention. _ |

Figure 48 is an elevational ctoés-se;tiunnl view of the embodiment of Figure 45, at the nompletinn of the
dispensation cycle. ' _

Figure 4BA is an enlarged portion of an elevational cross-sectional view of the embodiment of Figure 45,
at the completion of the dispensation cycle.. .

Figure 47 is a bottom plan view through the transparent window of the embodimant of Figure 45.

Figure 48 is 2 top plan view of a low-profile sidinﬁ spring retractor embodiment of the present invention.

Figure 49 is 2 side elavational view of the embodiment of Figure 48. _

Figure 50 is a side elevational view of the smbodiment of Figure 48, at the commencement of the
dispensation cycle. -
" Figure 51' is a side clevational view of the embodiment of Figure 48, partway through the dispensation
cycle. _ o - ' _

Figure 52 is a dop pufspcctiva view of a scissor-type biasing maans in accordence with the present
invention. . '
o Figure 53 is an elevational émss-sectional view ﬁf the embodiment of Figura 52.
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Figure 13 is an elevational cross-sectional view of a multi-segnent platen
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Commncenent of th@.rdshsss)mipwmmemmmmmfﬁgure 52. Figure 14 is a
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el evational cross i'onal VI ew o ever assisted spring retractor in

accordance w t h t lfigurdl & is a top piancviswref the fhnlewmalummbodvm the present invention; Fi gure 19

I t I I d t of Fi 18, th
520 o gy 'noglﬁ P8 §6K SRl Y U B3 DB ont Of I gure 16,

Figure 83 is a front view of the fluid container of Figure 61;
Figure B4 is a rear view of the fiuid container of Figure 61;
Figure 65 is a left side cross-sectional view of the fiuid container of Figure 61 when full of fluid;
Figure 66 is a tep plan view of an alternative embodiment of the fluid container shown in Figure 61;
15 Figure 67 is a left side view of the aitemative embodiment shown in Figura 66;
Figure 68 is a front view of the alternative embodiment shown in Figure 66;
Figure 69 is a rear view of the alternative embodiment shown in Figure 66;
" Figure 70 is another alternativa embodiment of the fluid cnntaina_r shown in Figure 67;
Figure 71 is a left side view of the altamaiive smbodiment shown in Figure 70;
20 - Figure 72 is a front view of the alternative embodiment shown in Figure 70;
Figure 73 is a rear viaw of the alternative embodiment shown in Figurs 70;
Figure TAisa top plan view of another alternative ambodiment of the fluid container shown in Figure 61
Figure 75 is a left side viaw of the alternative embodiment shown in Figure 74;
Figure 76 is a frant view of the alternative embodiment shown in Figure 74;
25 Figure 77 is a rear view of the alternative cmbodimant.:hnwn in Figure 74;
* Figure 78 is a top plan view of another atemative embodiment of the fluid container shown in Figure 61;
" Figure 78 is a left side view of the alternative embodiment shown in Figure 78;
Figure 80 is a front view of the alternative embodiment shown in Figure 78;
Figure 81 is a rear view of the alternative embodiment shown in Figure 78;
30 Figure 82 is a top plan view of another alternative embodiment of the fluid container shown in Figure 61;
Figure B3 is 3 laft side view of the alternative embodiment shown in Figure BZ;
Figure 84 is a top plan view of another alternative umhudimantl of the fluid container shown in Figdra 81;
Figure 85 is a left side view of the alternative embodimant shown in Figure 84; -
Figure 86 is a top plan view of anothir alternative embodiment of the fluid container shown in Figure 61;
35 ' Figure 87 is  laft side view of the alternative embodiment shown in Figure 86;

Flgure BB is a top plan view of another alternative embodlmant of the fluid comamer shown in Flgnre 61'
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De alla Descrinti the Preferred Embodimants
Referring now to ﬂm figures, the infusion device df the present invention shalt be called a platen pump.
The platen .pump is formed in two parts, a pressurizing portion and a fluid containing portion. Each portion is housed
in a container or shell. A pressurizing shell 12 includes a helical spring 14. A fluid containing shell 18 includes a
15 - chamber 17 for housing & fluid delivery bag 18. When the pressurizing shell 12 and the fluid containing shell 16
are connected to form the enclosed pump, the fluid delivery bag is pressurized by the s'pring 14. Fuid is thus
continuously forced out of the bag 18 through an outlet tube 20 in fluid communication therewith. Controlled fluid
ﬂuw is achieved with a smal diameter fixed orifice 46 located at or near the end of the tube. The pump of Figure
1is 3 12" in diameter and 1.7" high. A selectively releasable ciamp 34 may be appied to the outlet tube to stop
20 fluid flow from the pump. Relsasing the clamp rastores fluid flow.
| In accordance with the presently preferred embodiment of the invention, the pressurizing means is a conical
helical coil spring 14. The spring is formed from stainless steel or a suitable spring material. The coils of the spting
i’ra made progressively larger so that when compressed the spring coils can nverlap to compress to a lower height
than @ conventional compression spring. When the spring is expanded it takes on a conical shape. The conical
-] helical spring exerts the greatest force when it is fully compressed. The force is approximated by the equation
F=kx, where k is the spring rate and x is the disiam:a the spring is compressed. Because it is desirable to have
the force exerted on the drug container be niarly the same when the container is full as when it is nearly ampty,
it is preferred that the free iength of the spring be several times the height of the pump. Thus, the working length
is but a fraction of its total free length. This insures that the force applisd by the spring is kept within an
30 acceptable tolerance from the beginning to the end of the infusion. In accordance with the presently preferrad
smbodiment, the change in force exerted by the spring over the course of an infusion as compared to the initial force
it exerts when compressed against a ful fluid delivery bag is less than £20%. In accordance with the invention,
the spring length should be selected such that the change in force over the course of an infusion is less than 20%.
In addition to a conventional compression spring, this concept would apply to a leaf spring, if it was used instead,
35 where the deflection in the leaf spring is but a fraction of the total possible deflection.
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Fi gure 368 atWith e spiogrp lite hvitisp conpretsbistaid) the force dmmmmdeme ﬁn)! ﬁdsﬁon shown in Figure 4
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Figure 40 i i's ingthe &l positian Whiel thecooni@bhelis el coil sprngus pratesst, io vouldibe pasilleOd imakeryl platéh pump

Figure 39, - Wb B 1t spnf, aapﬁ&ium I}Eﬁ%r b tandard helical compression spring or a canister of pressurized gas to
' act as the pressurizing means.
) 0 The smallest coil of the spring is rotatably attached to the closed end of the bressurizing shell 12. The
spring is atianhad to the pressurizing shell by a rotatable connector including a spring retainer 22, an anchor pivot
28, a spring stop 23 and a screw 31. The anchor pivot 28 is seated on a shoulder 29 encircling a hols in the top
of the pressurizing shell 12. The anchor pivot 28 is free to rotate on the shouidsr 29. The rotatable spring retainer
22 is mounted to an anchor pivot 28. The spring retainer 22 centers the spring to the shell. A spring stop 23
15 . clamps the end coil of the spring to the spring retainer and prevents the spring {rom dislodging frem the spring
tetainer 22. The screw 31 holds the anchor pivot 28 and the spring stop 23 together. The spring retainer 22 i
sandwiched between the anchor pivot and the spring stop.
Preferably, in the present invention, a fiuid defivery bag is press_uriznd to only about § psi which requires
only about 30 pounds of force. In erder that health personne! or the patient can pressurize the pump without
20 assistance, the prassurizing shell 12 and fluid containing shell 16 -are threadably enqaued._ in the presentiy preferred
embadiment, the pressurizing shell has inner helical threads 13 and the fluid in containing shell has outer hslical.
threads 18. By increasing the number of threads per inch, the axial force provided by the threads can be incregsed
for a given torque. The presently preferred embodiment uses four (4) threads per inch so that it is relatively quick
‘and easy to screw tha shells together to fully pressurize the pump. The threads provide a mechanical adv'anta.ues'
25 so that a modest amount of torque can generate sufficient amounts of axiai_load to compress the spring.
The. platen 24 is located bntw;an the spring 14 and the fluid defivery bag 18 when the two shells are
connected. The platen 24 distributes the pressure from the spring 14 over the bag. The presantly preferred platen
is made of polycarbonste. The platen has a bottom flat portion which extends over an area no greater than a
substantially fiat central portion of the full fluid delivery bag. This sarves to keep the contacting surface areas fairly '
30 constant over the course of the entire infhsinn to help minimize changes in pressure on the fluid bag. The platen
~ 24 is held against the helical coil within the pressurizing shell 12 by the flexibie restraining cable 26. The cable 26
is preferably made from multi-strand stainless stee. '. It is looped about the rotatable retainer 22 and the platen 23,
Preferably, two cable loops 28 ara used. Grooves are prmnded in the ratainer 22 and platen 24 to sccommodate
the cables 28. A plastic label 36 may be allhared to thn bottom of the platen 24 and the cable 26 alf rotate freely
- 35  about the axis of the pressurizing shell. Thus, when the pressurizing shel is rotated with respect to the fluid dalwery
o shell to thread the two together, the pressurozmg shell turns-independently of the platen 24. The platen 24 should
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poVeRER it B the Vindf RAtsL Fiegend such as the werd "Empty” or "E* or some other symbol is

emho#shd on the bottom side of the platen 24. Advantageously, the fegend will be fuzzy or Hlapible when viewed
through the elastomeric disk and transparent window when there is liquid in the fluid delivery bag. Whan the bag
has been emptied and the platen lies flat against the layers of the bag, disk and the boﬁom of the chamber 17, the
legend on the platen 24 comes into focus through the bottom of the fluid containing shell due to the transparent
naturs of the Huid delivery bag and the contact clafity of the disk. This can be used to pravide a clear indication

~ of when the fluid bag is empty. it has been found that a small amount of silicons oil between the window and the

%

30

35

disk will enhance the clarity. .

To the extent passible, it is desirable to maintain a relatively constant flow rate throughout an infusion wlth
the platen pump. in order to minimize changes in the internal pressure within the fiuid delivery bag, it is nnpnrtam
that the surfaca area of contact between the ian and the rigid surfaces pressing against it be kept constant.” In
accordance with the present invention, the bottom of the chamber 17 in the fiuid containing shell 16 is contoured
to evenly support the bottom of the bag over its entire area. Thus, the surface contact against the bottom of the
bag remains constant during the full stroke of the platen.  in the figures, a curved contour is shawn about the
periphery of the chamber 17. The bap 18 when filied with fluid matches this curved contour to receive support over
its entire area. Tha contour of the chamber 17 could also be achieved with a 45 angle about the periphery. While
the bag 18 might not completely fill the comer formed by the angle, the contour of the surface areas should be |
adsquate to provide substantial support and contact with the bag’s entire area. _ _

It is also important that the contact a_rei of the platen 24 against the bag remain constant. Thersfors,
the piaten 24 has a bottom flat surface which does not extend beyond a flat central portion of the fluid defivery
bag. If only the flat portion of the platen were to act on the bap, a residual fluid would remain in the bag ahout
its periphsry at the end of the infusion. In order to more completely deliver the fluid from the bag, the platen has
a chamfered sdge 4D and a recessed puter ring 42. These portions of the platen roughly match the contour of the
pariphery of the bottom of the chamber 17. A platen 24 with a periphery that conforms more exactly to the contour

of the chamber bottom could aleo be used. Neay the end of an infusion, as the platen 24 descends towards the

nal
e

t he
ew
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-b5- Figure 54 is an el evational cross- sectlonal vi ew of
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cont ai ner enbo he present .inventign, 10, - Figure 62 is a
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63 is a front Whrescewig thhtsllf topbther, ene MindikoldCthe tulter Wwhllpll the prizsdurizing shell and the other hand holds

Figure 64 is °|°8€ W=!3§V¥t§ff29‘:g23'§=fg']gﬁ”'fh§'n ontai ner of Figure 61;

Figure 65 is view of the fluid container of
Fi gure 61 when f ul [Thesd two|shelischf the pump are circular in shape to Enngutheatﬂﬂs sngagesertt.o Pefemiing now/ toe W

- of an alternathgeyg, SRR wdlVe) wagfe hrdS id ot pilonRY i) Eeiiar F0h Wbhndetba b o Wt o The

' - gircular pouch, advantageously, has no corners. Thus, the seam 44 of the bag is unifarmly stressed. To assist in

10 achieving uniformity of pressure in the bag, the periphery of the bag has 2 curved contour when fillad. .me cemter
portion of the bag is substantially fiat so that the contacting surfaces between the platen and the bag tan remain
relatively constant throughout an infusion. The bag is made from a suitable pliable biocompatible plastic material,
such as a class VI, PVC biocompatible plastic. The bag is formed from two sheets that are RF welded together and
trimmed around their circumference. The round shaps of the bag achieves uniform stress on the welded ssam.

15 The outlst tube 20 is connected to the bag 18. The tube 20 may lead 10 a restricted orifice 46 which
restrains the flow of fluid from the delivery bag when it is pressurized. Orifices of .004" to .008" diameter are
presently contemplated. In order to pravent the orifice from becoming blocked, an optional particulate filter 48 can
be inserted in the outlet tube to stop ilm flow of particles which might occlude the orifice. The orifice provides a
relatively constant fluid flow. As an alternative to the restricted orifics, al length of tubing of known diameter, e.g.,

20 an 18 inch length of .015” tube can be substituted, in order to facilitate filling the fhuid delivery bag, a Y-injection
site 52 may be iﬁwted into the outlet tube 20. The Y-injection site 52 includes a latex rubber self-sealing septum
54 through which a needle may be inssrted to inject fiuid into the bap. As an alternative, a second filling port {not
ilustrated) may be added to the bay.

The end of the outlst tubs can be connected in_ a luer sdapter 50. The adapter is a threadably engaghd

25 cnnnmdr. it is designed to mate with a threadably engaged disconnect on an IV line. In order to permit reusability
of an infusion set, the outlet tube 20 of the fiuid delivery bag can be directly connected to a second luer adapter
50 {not illustrated) approximately 3 inches from the drug bag. A clamp would be used on the tube between the bag
and the luer adapter 50. Fiuid may be injected in through the luer adapter 50 so a Y-injection site would not be
needed. When the drug has been expended, a new drug bag may be attached to the IV set, thus reusing the IV set

30 for multiple doses over a 24 to 48 hour period.

In prac_ticihb the invention, the clamp 34 is usad to close the outlet tube on an empty drug delivery bag.
A needie pierces the septum 54 to inject fiuid into the drug delivery bag. The bag when full should have a
substantially fiat top and bottom central portion when resting on 2 flat surface. The needie is removed. The bag,
with its permanently affixed IV fine, is placed in the chamber 17 of fluid containing sheli 16 with the IV lina passing

35 through the opening 30 in the bottom of the shell When the upper and lower shelis are _bmunht togethsr, th_e

 threads should prefefahly engape initially before the piaten 24 pressurizes the bag. The two shells are then simply



15 Figure 67 is a left side view of the alternative

enbodi nent shown in Figure 66; Figure 68 is a front view
of the alternative enbodi nent shown in Figure 66; - Fi gure
69 is a rear view of the alternative enbodi nent shown in Fi gure 56;

Figure 70 is another alternative. enbodi ment of the fluid container shown in
Fi gure 61; WO97/34651 Figure 71 is I eft si de vi ew SFTLEI04400

al ternative enbodi ment shown in Figure 7 Figure 72 is a
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Figure 73 is a rear view 0O ternat shown 1n ure 70;
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shown in Figure 'I%]éi-:erate the platen pump of the alternate embodimant, the pressurizing shell is unscrewed and loossned
' on the fluid containing shell. The fluid containing shell is opened about its hit_ms or sliding means. A fluid delivery
* bag is inserted. The fluid containing shell is closed at its latch. The pressurizing shell can then be scsewed onto
20 the fhid containing shell to pressurize the drug delivary bag. ' ' | '
In accordance with a further aspect of the prasent invention, there is provided an infusion pump baving a '
phfnn which is divided into two or more segments. P’refmhly. aach segment is provided with an independent biasing
means for compressing each respactive segment against the medication bag. The multi-segment pressure pad of the
present invention cooperates with the changing contour of the deflating medication bag to maintain an improved
25 relatively constant swiface contact area between the platen and the bag. As i}as b_ean previously discussed, the
maintenance of a substantially constant surface contact area has been determined by the inventors herein to promote
constant output pressure performance.
Referring to Figures 9-12, there is disclosed 8 dual concentric platen embodiment of the infusion purmp in
accordance with the present invention. Infusion ﬂevu:e 160 is prmndad with a_housing 162, comprising a2 cover
30 °  portion 164 and a bass 165. As with previous embodiments, the cover 164 and base 166 are preferably formed
in accordance with conventional techniques for tha production of medicel device housings, such as injection molding
of thermoplastic or thermosat polymars. Alternatively, any of a variety of other technigues may be utilized, including
fabrication from sheet metal stock, as will be well understood by one of skill in the art.
The cover 164 and base 16B can be sscured together in any of 8 variety bf manners disclosed eisewhere
35 herein. For example, cover 164 and bass 188 cin ke provided with complamhtary surfaca structures such as male
and female engaging threads. For this purpose, base 166 is provided with an annular, axially extending wall 170
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- Figure 91 is éﬁ’%&ﬁf%ded perspective view.gf the alternative grnbodl ment

shown in Figure 90. ' Figure 92 is an expl oded view of the
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parts a pressuril zi ng pOI’t I on an cont ai ni ng pOI’t i on. Each pOI’t I On
i s housed be discussed.

10 In general, ba#e 166, annular wall 170 and cover 164 cooperate to form a chamber 172 for containing the
" functional components of the infusion device 160. In the Hustrated embodiment, a first platen segment 176 is
biased against a medication bag 174 by means of a coil spring 178. Piaten segment 176 is provided with an axially
aextending spring guide 184, which may comprise an axially extending annular wall or a plurality of axially extending
projections. Spring guide 184 assists in maintaining the axial aliuhmant of the spring 178 during repeated tensioning
15 and discharge cycles of the infusion davice 160. The spring guide 184 may alternatively be positioned on the radially
interior side of spring 178, as well as on the radial exterior or radial interior side of the spring but depending from
tap '184 as will be apparant to one of skill in the art. _
The first platen segment 176 is provided with a radially outwardiy extending annular flange 186 for |
cnupammu with a radially inwardly directed stop 188 on second platen segment 180. Stop 188 is axially spaced
20 apart from the plane of second platen segment 180 by a support 180, as will be discussed.
' Second platen segment 180 comprises en annular ring positioned concentrically about the first platen 176.
Second platen 180 is independently axially movable with respect to first plateb 178, and moveable from a first
_position spaced apart from the plane of first platen sagment 176 to a second position substantially in the plans of
first platen segment 176. Prefarably, second platen .sagment 180 is biased in the diection of medication bag 174
25 by a second spring 182. _ '
Although first spring 178 and sacond spring 182 are illustrated as suhstantlaliv cylindrical in configuration,
a conically shaped spring is also desirable for the reasons previously dtscusged. In addition, alternative biasing means
“such as leaf springs, pressurized bladders, canisters of pressurized ges or the ¥ke may also be adapted for use in
accordance with the multi-segment platen embodiment of the presant invention.
an The illustrations contained in Figures 9-11 are simplified sﬁmz_what 1o highlight the multiple platen asﬁact
of the invention. However, a varisty of additional features will geheraliy be incorpnratéd into a finished device. For
exampls, a spring or platen retraction structure for ratracting the platen and miting the distention of the spring in
" the sbsence of 8 base 168 or fuid bag 174 is also typically used. A varisty of suitable retention structures are
disclosed eisewhere herein, or will be immndiaufy apparent to one of skill in the art in view of the presant disclosure.
35 i a side loading-type embodiment, 2 spring retraction structure is particularly desirable.
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ctiron 1n the |eaf spring.is but a
fracti & of mgq;gm@ bpw 374, the Siest glaten 17fhep  sitcylas pontact surface having a diameter within the range of from

shout 2.2 to about 2.8 inches. The bag contact surface on second platen 180 is in the form of an annular ring,
with tha width of the ring at any one point belnn within the range of from about 0.4 to about 0.7 inches. Ths
overall outside diameter across the entira sscond platen 180 is approximately equal to the exterior diameter of the
bag. . '

25 The relative extent to ﬁhich the second platen 180 can travel distally along its path of travel with tespéct
to the ﬁm'plateu 176 is fimited by the axial height of the support 190. in an embodiment having a bag which is
approximately one-half inch thick when full, the length of the support 180 is about 0.4 inches.

in sccordance with a further aspect of the ptesnm invantion, there is disclosed an aitarnate multt-segmant
platen embodimant at Figures 13-1_7. Referring to Fm_ure 13, infusion pump 192 comprises a housing 194 havmp

30 an upper wall 196 and lower wall 188. Upper wall 196 and lower wall 188 may be rigidly secured with respect

| _ to ona another, or removably secured with respect to one another such as by threadable engagement or other
previously disclosed means. |

Upper wall 186 can be substantially plnnar throughout the width of the pump 182, os, as illustrated in

Figures 13-15, can have a substentially planar central region and a sloped annu!ar region 197. Sloped region 197

35 is pravided on the interior surface with a peripheral spring guide 211, which is praferablv an integrally mnlded annular
ting. : _
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| ess” than 209 DB ipstpted o) force inthe full position. Wile the

coni cal helical conehtras:pmdnaopsmasmeﬁemmof loiver WeILIIGE byt hmmmtmaﬁrm 208K Gental
r| y4 st andar d
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spring is rotrgmgbdl%m%tnm,ggl%{dguh 3'9@3?%& ga% t he pressuri zing s.heII

12. The essur|2|ng shell by a
rotatabl e connect ofhe peripheraictégion) 208 isissedrinythe ditectiomef low@wall 488 lafrwhummqsmwtml springs
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shoul delro QQe%g Bgﬁ’ﬁ%%m ﬁ“?gsl n t%pmr-ﬂ‘fmaé]ﬂk Jmmu'w‘ 'ﬁ pressuél ZI ng S eI I

~12. The anchommisr vmheraspﬂmsm has deep M&tﬂ@«bﬁ\ sevistacterfiydn embegimentao! thpipesepigavantion)| e
sSpring retainer  pp approximatiof of the mtc?fﬂ i Mustfted I Hghhey 1305, Vﬂltthgﬁmpla-fihﬁ‘nf SR i3 En

retainer 22 centers the spring to the shell Asrln
cycls, the platen 202 is biased against the Inmr wab 196 to suhstantinlly Ietele expn?f all of the contents of
_ the fluid bag. In this embodiment, the lower wall 198 is provided with an axially upwardly inclined peripheral zone

15 188, which is dimensioned to ba complementary with the peripheral region 206 on platen 202.

’ Refeiring to Figure 15, sach of the peripheral ssgments 214 on platen 202 is connected to the central
region 204 by way of a hinge 215. Hinge 215 can be provided in any of a variety of ways, and still accomplish
the objectives of the present invention. For exampls, the entire piaten 202 can be formed from 2 sheet of material
having sufficient flexibility that the biasing forces due to central spring 208 and peripheral spring 210 will deform

20 the platen, as illustrated in Figure 14. Preferably, however, the hinge 215 comprises a velatively more flexible zone
than the surrounding materis} of platen 202. This may be provided, for example, by reducing the thickness of the
platen material in the repion of each hinge 215, as Mustrated, for example, in Figures 13-15. Alternatively, the
central zone 204 can be formed separately from the paripheral segments 214, and assembled thereafter such as by

_ mounting the central 20ne 204 and peripheral segments 214 on a flexible sheet of material. reduced thicknesses

25 can be pfodul:ﬂd by injection molding of tﬁe platen. Any of a variety of stamping andjor milling or grinding
techniques may also be utilized to produce an annular groove in the material of an integrally formed platen 202.
Referring to Figure 17, there is disclosed an alternate emhodnnant of the platen 202, partxcularly adapted
for an infusion pump designed for use in an uctagnnal housing.
Spring rates and lengths may be selected to complement the respective surface areas of the central and

30 periphersl zones 1o schieve the most acceptable internal bap pressure. '

' ' Refesring to Figures 18-20, there is disclosed @ leverage assisted sprinp retractor for loading an infusion
pump 216 in accordance with the present invention. The spring retractor is conveniently operated by a patient
actuated lever, to retract the platen against the sprihp bias into the "mdy" pos_itim. The fiuid medication bag may

' thereafter be easily inserted either through a side obening on the device or by removing the bottom shell,

35 Referring to Figure 18, infusion pump 216 is provided with 2 spring ratréctor 218. Spring retractor 218

is operated by lifting a patient actuated lever 220, which rotates sbout 2 fulcrum 222 on the housing of the intusion



15 clanps the end coil of the spring to the spring retainer and

prevents the spring fromdislodging fromthe spring . retainer 22.

The screw 31 hol ds the anchor pivot 28 and the spring stop 23 together. The
spring retainer 22 is - sandwi ched between the anchor pivot and the
spi ng stop. Preferably, in the present inventi on“ & flui d

del i very bad”?g"%‘é’ssurl zed to only about,,5 psi which requik
only about 30 pounds of force. In order tﬁat heal th personnel or the
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delivery bag. ThisSufh\fetah eunhﬁﬂﬁh..mﬁf.ﬁmﬁmtrm ioved fziq%?.%ﬁa.&mfn@sfrfu 130

constant over the course of entire rntusio nimze changes in

pressure on bysiethe frictjop enbaneing strpritres P25 epgaoe the pin 230. Ipthis F‘E““ﬁ-é eclevel JA0 ¢#8 be rpadily hfted

hel i cal coi lsnguuy tahbﬂrn'inh& upeFobsing 232 aammsinebkmi-&n PRty tobiRior finGers dRliePhedtiofhé leddi PONQ
cable 2 referably made from nuti-strand

stainl eBs sf‘@@?"’"‘f‘l""l%“‘?"ﬂdﬂ?&ft%’d!ﬂi@"’f?f&""l’%‘l’éf’ﬁb?"’é retainer 22 and the
pl aten” 24. The sﬁ}mefmmbm, in att AN the GREM idARtidh] @n beSylilied &i‘mwﬁa varsaq
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t he cabl e 26ousihgl 232 mmmwy imudltya Ber housinn288 by weyhef agplurelity off thiedde 235: Mlwnithe Joiwerg
hell. Th

IS del | 2eRs b RenBSf Rl o fYabin ol B Sl b 28R 20 st

shell t% ns H&M@Wﬁ eperpts tpffimit the exginsianct theapring mmplhadew WMU Tiys. the housing

can be disassembled with the platen either in the extended or ratrected positions, and a flvid medication bag 235
tan be pisced within the lower housing 234. '
Since reassembly of the lower housing 234 with upper housing 232 is not opposad by any force from the
spring 231, any of a wide varisty of securing means can be utilized in place of the Blustrated threads 236. For
25 example, snap fit structures, hinge and latch arrangements, and the iké “can be uadily adapted for use.
Alernatively, side installation embodiments are aiso contemplated by the present inventors. For example, the upper
housing 232 and Jowsr housing 234 can be integrally moldad, or can be secured topether in a permanant fashion
following installation of the functional components. A port (not ilustrated} on the side of the housing is then
apprapriately sized to receive a fluid medication ban 235 thersthrough.
30 The embodiment #ustrated in Figures 18-20 provides a uniguely low profile mfusunn pump 215, whn:h may '
be readily lpaded by the patient without the uss of any additional tools, and which has a8 thickness of only slightly
- greater than the sum of the inflated medication bag and the lenpth of the collapsed spring.
Figures 21-24 ilustrate a key operated platen ratractor in accordance with a further 'a_spatt of the present
invention. Reforring to Figure 21, there is distlosed an infusion pump 238 having a key upsrafad platen retractor |
3» 240 thereon. Platen retractor 240 comprises 2 threaded member 242 such as a disk, which is connected to the
platen 244 by way of a sﬁacer 246. As wil be approciated by one of skill in the art, the threaded element 242
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- 8- ' remain stationary with respect totheflwd del i very bag so
that no torsional load is inparted on the bag. ‘In order to

mechani cal | y g, revent ‘twisting the fluid delivery bag 18 when_the two shells
are screwed t é’e%’ﬁé?s anti-rotation tabs can be attalhEYSTP4MNe
outer edges of the platen 24. The tabs vvou] d extend out radially to engage
slots in ma conﬁnl%? eithe!al dis® hraving 6 JﬂuMﬁl%rﬁﬁmﬂ m»&%mﬁ}ﬂuhm}ﬁem}hﬂnt éﬁmm\ﬁﬂw d
be guided int ot, thus preventing aten I'ng W
respect to tH@’"V I"\!H“!i‘ ‘E’(S'ﬁtz%ﬁ q0p Pfg"'@h@#hla fP'P"BHB(SPd foe eepeivipyy thesodedhkey. 1 ot at abl y

“attaching the spr Immfgndmmeazmey 248 is pmwuéu%. ftmuanf ﬁ.ﬁﬁwmmaauﬁi&e bA2. K3y 248 is

sufficient to ay ap I N ndesi rabl e tor | uid delivery bag.
The tabs and "'""'"‘9 a"s"ﬂgﬁ%'g “QY"E“HW@%WF E‘H"‘ﬂ 5 el tread shraon: Because it is
desirablesto have Tmadﬂ\disbmz\hhrﬂh aflh biop/y abdivng Byakhst @ Pdrtioh of Wiiiﬁ'ﬂnﬁ“ihebbﬁinﬁﬁd b&ﬁp

f fluid d he flujd del h th
a1 ent can HETEPYY e sy R vyt o S £ b s AR bocl ot 5 10
01;] t PF p(r:I esent ‘i nPefetably the thteded disk 2&2 :cbmlyrmnﬁwmﬁdsmmmmﬁiﬁiﬂwﬂﬁh i Well R9Derie il Of
the fluid co |
consi der at i oﬁ';snﬁl"%é%@dﬁuaﬁmmé q'é'f"??"?@?f"&%%?%‘h{'?'“é?‘ ‘P'Ffe"'ﬂ'i’“é!’é'fﬁ“ the Aiseiyasoed,
use a cl ear nfusion pupp 238y astilusteated in Figures 23pnll 3\c esploativelyt dn, additinn, ttieclowsr mﬂouvmmtemzsoal
Al d .

egendqgsuc. b WPerop ¥ ﬂaven't:-gmey hxllﬂ;l no lle &\HSR@% g rlﬁrﬂadalwsﬁo b ol :fnhsqu as d g

enbossed on t bott om si de tageou _
will be fuzz#"%l"""i‘?“l egi bl e when vi evved t hrough t he eI astameric di sk

and transparent WiniaWe Wertitertsify iy 248 inko' thi-Welf 250 ant Foatels trd k) 18 nbdg 5 relRGn gifNeEN

t he -ba
9 242. Cantinued rotation of the key draws tha disk axially apainst the bias provided by the spring, until the platen

is in the fully retracted state. When fully ratracted, the platan abuts the lower wall of the recess 250, as illustrated
15 in Figure 22. At this point, the lower portion of the housing can sither be removed for installation of a fivid
medication bag, or the fiuid medication bag can be instalied through a Iateral or side entry port. It is therefore
preferable that the distance batween the platen when fully retracted and the bottom of the housing be slightly
greater than the thickness of the filled medication bag, so that the bag may be :onvcnmntly slidably pnsmnnad

" therebetwesn. _

.20 - Once the bag is in position, the user simply reverses the direction of rotation of the key, and spins the key
to remove it from the threaded disk 242. Once the ker is partially backed off of the threaded disk 242, the
medication bag will he under pressure exarted from the platen 244.

nefemnp to Figure 24, there is disclosed a loaded and pressurized fluid medication delivery pump 238,
similar to that fllustrated in Figures 21-23, and including some additional details. For example, the cross-sectional
25 -view of the threads 252 reveals that the thread has a widtﬁ which changes from a relatively narrow dimension at
the point of attachment of the thread to the corresponding support structure, to a relatively wide width it the free
end of the thread. Similarly, the l:bannni for ral:aivinj each thread is provided with side walis which taper towards
each other in a direction extending away from the bottom of the channel. in this manner, the threads are provided
with a full or partial intarlocking fit, which will permit the use of thinner, more flexible construction materials for
30 the side walls of the housing, while minimizing the risk that plastic deformation of the side walls under bias from
the spring will cause the threaded sida walls to disengage from each othar
in addition, an annular platen guide 253 is provided to optimize the praclsmn of ths axial trave) of the
plstan 244 throughout the dispensation and reloading cycles. Platen guide 253 caoperates with an annular spring
. guide 254. Platen guide 253 and spring guidi 254 in one preferred embodiment comprise concentric annular flanges

35 which are axially movable towards and apart from each other in 2 telescoping fashion.



15 has been enptied and the platen lies flat against the |layers of the
bag, disk and the bottom of the chanber 17, the | egend on t he

pl aten 24 comes into focus through the bottom of the fluid contai ni ng shell
due to the transparent _ nature of the fluid delivery bag and the

contact clatj f the disk. This can be used to provide al;tljl.,lle;@g bl cation
of when the ‘V{)Lyw’g“ﬁhg is enpty. It has bggn found that a sna agr"mun{) of
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clarity. 20 An altemats muang- for icbhflecting (1R thach 26 tdOIhE plathe 244 S5 SlQSdistissed @ Figlre 24.
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conpletely the corner forned by the angle e contour o e surtace
ar eas shoul By gswws or other fasteRigRspAa%t ¢ t 0 provi de substantial support and contact

with the bag's eRtspreferrd sibodimai, the threaded disk 242. spacéftm #nd @cioP247 sRGN madtfactlriirtomt he
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pl aten roug con perip ery 0 t om of
t he chanber 8 zﬂﬁnnmw piatestretanctor 258, Coliapsiple petractop?h8 penerelh eamnreemfftﬁ #pman360 whishieaxiply ¢ o

~the cont our mevably dispased¥itht Bgect A dEhRd Jﬂﬁﬁeﬁt@ﬁi Cthid ikt ﬁbrﬁeﬁt 286 ahlS8sind hifiht deP@reend
of an infusion, as the platen 24 descends towards_ th
20 . assembled in such a manner that they npmte to kmit the dlstal travel of the platen as illustrated in Figure 26. In
this manner, the base of the infusion pump can be removad and a medication bag inserted therein, while the
coliapsible platen retractor 258 retains a prestress on the spring.
~In the Hllustrated embodiment, first segment 260 is convanismly provided in the form of a tubular body 261
havinp a longitudinal axis which extends at a parpendicular to the plane -uf platen 268. The tubular body 261 of
25 first segment 260 may be integrally molded with the platen 268, or secured thereto using conventional techniques
~ sufficient to withstand the forces genessted by the spring for any given embi:dinant. The proximal end of the
tubular body 261 of first segment 260 is provided in the dlustrated embodiment with a radiafly inwardly directed
flange 263 which operatas as a limit on travel with respect to second segment 262, as _wili be dispussad.
Second ssgment 262 in the dlustrated embodiment comprises an elongate bady portion 264 having a first
30 end 265 and a second end 268. Preferably, first end 265 comprises a transverse elemant, such as i disk, extending
- genarally in a plane which is transverse to the longitudinal axis of bedy 264, and adapted for reciprocal axial motion
within a recess 267 provided on the housing of infusion pump 258. The racess 267 terminates in a stop such as
-a radially inwardly directed annular ﬂanni_ 269 for miting travel of the disk shaped first end 265. See Figure 26.
Similarly, the second and 266 of body 264 is provided with an enlargement for cooperating with the flange
35 263 on tubulatr body 261 to limit ‘the extension of the platen 268. Thﬁs, second end 266 praferably comprises one
or more barbs having a ramped distal surface, and a proximally facing shoulder to cooperate with flange 263 as is
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-9- chanber bottom fluid which builds up about the periphery of
‘the bag 18 is pushed out by the edge 40 and the : recessed ring 42
An opening 3 ided in the fluid-containing shell thropghy¥desdset he
outl et tube gvgh'rs? {ﬁgié to the fluid .q7delivery bag 18 can be extended.

An outer wall 32 of the fluid containing shell can be provided to serve as
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Referring now t ellv%?_( bag 18 for use in the
e ]

| ui d
pl aten punp. e '“E’?T"%’E'“dﬁ'é?"g‘ i s&'@ﬁ"ﬁ%@i'@@’"ﬂﬁ”ﬁ“@ ‘et tube. The
circul ar Pouch, adutectionofcte psiey 288 rgainstthe sping hias it the Fborimentiillgrated:ia Figules 2526 daine

bag.is unifor %ﬁl&{ i ?rﬁ %fja vaﬁﬁ g/ssﬁsflﬁsEhnaw%hm hﬁﬁlc %res\ﬂ fﬁmg{g 2@%& Ye \qu]niérirn]ied

pressure in £
filed. The cembenextemr thread, fqmmadabh receiving B dieysuch 23 Qatsllumuanﬂm 22/ s thistmagner, firstat

the contacti gy 8ichas ﬂﬁmp hweas&s{ tﬁ?dw?étﬁo??nrﬁ[iﬂargtgﬂé %Qprﬁg?}e&fﬂ@lﬁg 268 1o the

rel atively constant througho an | nfusion sul tabl e
pl i abl e bi oc@esjsian fusyrated i Eiairej 25. A that timgy 8 medication bag 222 ji8 jserted info the gump 256 sucipgechy

bi oconpajg bl qlsmmaamuga 2! Al &aaﬁg,los uJ ﬁﬁsmd.f e B4%b bt'Re ﬁﬂﬁ@ﬁ@ ﬁniimg ﬁ.irsnudaﬁ. AHaheded
t oget her an eir circunferenc The und shape of

t he bag achi é\?@?“‘lﬂ N %} f ran'E%Y @%@W“ﬁ’ﬁ’e’%ﬂé@ﬂ thefusp pnd %5 As ‘"'”"‘"’" in Figure 25, the

sacond segment 262 can thereafter be sfidably collapsed within the tubular body 261 of first segment 260, to
_ provide a sleek exterior profile of the infusion pump 256. ' _ |
Alternati\iely, any of the additional retraction structures disclosed hersin can also be incorporated into the
18 present embodiment.

Referring to Figures 27.-29, there is disclosed an ultra-flat spring powered pump comprising at least one
spring 274, positioned within a hou_sing 276 for biasing a platen 277 apainst a base wall 278 for compressing &
fluid medication bag therehetween. Platen 277 is retracted against the _fon:a of the spring 274 by a rotatable
retraction mechanism 278. |

.20. o Preferably, retraction mechanism 279 comprises @ threaded shaft 280 which is rotatably linked to platen
277, This is conveniently accomplished by providing 3 radially enlarged anchor 289 on the end of shaft 280 and _
 positioning shaft 280 through an opening in platen 278 which is too small to permit passage of anchor 289, as |
. llustrated. :
The proximal end of shaft 280 is adapted to receive a crank 281 1o permit the patient to rotate the
25 threaded shaft 280 to retract platen 277. In the illustrated embodiment, an opening in the upp.ar portion of the
housing is provided with a complementary female threaded surface for cooperating with the threads on threaded shaft
_ In this embodiment, the platen 277 is retracted by rotating the threaded shaft 280 so that a medication
bag 282 can be installed betwaen the platen and the hnse.' Thereafter, in order to reduce the profile of the pump,
30 the threaded shaft 280 may be rotated in a reverse direction to advance fully or partially axially back into the
medication bag 282 as illustrated in Figure 29. For this purposs, medication bag 282 preferably comprises a material
- which will permit the flexible deformation iflustrated in Figuh 28, and the volume of fluid contained in the medication
bag 282 should be sufficiently low in relation to the elastic kmit of the bag, to accommodate the displacement
) illustrated in Figure 29,
35 Referring to Figure 30, there is disclosed an end elevational view of an infusion pump suth as .1ha_t-
illustrated in Figures 27-29. As illustrated therein, a scale 283 provides an indicium of the relative status of the



15 ' ' The outlet tube 20 is connected to the bag 18. The tube 20
may bad to a restricted orifice 46 which ' restrains the fl ow of
fluid fromthe delivery bag when it is pressurized. Orifices of .004" to
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provided with an cnlaruamant such as a disc- shaned stop, for reasons which have been praviously discussed, for
sxampla, in connection with the smbodiments flustrated in Figures 25-29. Similarly, second segment 291 preferably |
l:ummises'a tubular element analogous in structurs and function to the segment 260 Mlustrated in Figure 25." in
either embadiment, however, 2 varisty of alternative structures for retracting and restraining the platen such as only
partially indenting the medication bag, will be apparent to those of skill in the art in view of the disclosure herein.

25 : Referring to Figure 32, rotation of iha threaded shaft 290 draws the piaten apainst tha bias provided by
the spring, to produce an opening for receiving » fluid medication bag. In the ilusirated embodiment, two coil springs
are iflustrated in cross section. However, anywhere frﬁm ahout one to about five or more springs can readily be
incorporated into a design of the present mventmn '

_ Threaded post 280 can be mtated using any of a vanaty uf mplsmnnts, such as an alien wmm:h a crank,

30 a rotatable nut, an slectric 8ril, or others as will be apparnm to one of skill in the art.

The dmnsmns of the nmbndment ilustrated in Figures 31-33 can be variad throughout a considerable -
range, depending upon the desired volume of medication to be infused in & given dispensation cycls, as well as other
considerations that will be apparent to one of skill in the art. In general, however, the thickness of the pump along
an axis paraliel to the longitudingl axis of the spring is preferably no thicker than about 2 inches, and more preferably

35 within a range of from about 1.4 inches to about 1.6 inches in an mbodimant adapted for receiviag a D.54nch thick
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drug deliver ycmigs 296 jer avapring| ﬂ\e Blatersopisshthe bjascprovided By ¢ng or more-Ppras,2p7. o Aneumate eylinder

portion 12 apdh deviily coitises i Abbsing zsa for defidimy’h maczb@ﬂuﬁ& Q628 ofi YRbvibY wakl bnmmy

156. The opp05| te ends are, connecg by a latch 158 when the u

lower porti onSitehy disgoped with therhpsing 5?%? enisEne 5 cgp{ract dhs voly of charaber 297 hﬁg’é'!?e'ﬁ‘“ 300 is
CY' indrical Wadchanitatplioksdrto platin302 BCd spater301. Mdvib wall 300 is provided with any of a varisty of known

sealing rings or other means for providing @ seal between the movable wall 30D and housing 288.

At Igast one port 303 is provided on the housing for communicating with the chamber 288. in operation,
15 2 sovrce of a pressurized materia! such as a fiuid or gas is placed i communication with port 303 and forced into
chamber 209 under ﬁuiﬁcient pressure to advance wall 30D againsi the force resulting from one or more springs
297. _ '
in a preferred embodiment, two or more pneumatic cylinders 286 are provided. Thus, for example, there
is disclosed in Figure 35 a top plan view of an infusion pump having seven ﬁnsumaﬁc cylinders 296 positionsd about
20  the periphery of a medication bap. To faciitate retraction of the platen by infusing pressurized fluid or gas through
only a single port 303, each of the chambiers 289 of the pneumatic cylinders 296 are in communication with each
other by way of a flow path 304.
- In accordance with one embodiment, four pneumatic cylinders 295 are provided, each havmg an internal
diameter of about one-half inch. This provides a surface area on movable wall 300 of approximately .196 square
25 inches per pneumatic cylinder, for a total of .784 square inches for the set of four. Ta provide a ft _nf 150 pdunds,
d assuming no friction, a fluid wili nead to be introduced inta' port 303 at appﬁximately 190 psi. By doubling the
piston area to 1.57 square inches, such as by providing eight pistons instead of four, the requited pressure of the
pneumatic ﬂﬁill drops to about 95 psi. A variety of pressure sources can he utilized, as is discussed infra.
 Alternatively, referring to Figures 36-38, there is disclosed a pneumatic retraction ambndimem in which one
30 or more flexible hiadders are utllizad to provide the force necessary to retract the piaten against the spring bias.
-Thus, refemng to Figure 3B, there is disclosed a top plan view of an embommsnt of the present invention having
two elongate tubular bladders 306 in communication with a fili port 308 by way of lumen 307. As illustrated in
Figures 37 and 38, inflation of the bhdﬁars- 306 advances tha platen against the spring bias provided by one or more
springs 309 to provide sufﬁ;iam space between platen 310 and base 311 to accommodate 2 full medication bag
35 312,
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20 - in this smbodiment, infusion pump 314 is provided with one or more spiings 320 tor blasing a platen 316
in the diraction of base 318, as has been praviously discussed. In order ta limit the distal travel of platen 315, such
as when the base 318 is removed, and to setract the platan 318 apainst the hias provided by spring 320, a
retraction and retention structure 322 is pmmdell '
Referring to Figure 42, the retraction and retention structure 322 generally comprises a folding linkige
25 assembly 324. The linkage assembly 324 permits the relative movement of prn_ximal end 325 and distal end 326 .
' betwesn a first position in which proximal end 325 -and distal end 326 are spaced apart by a predetermined
‘maximum distance, and a sacond position in which proximal end 325 and distal end 326 are spaced apart by a Iasser
distance. | '
in the embodiment illustrated in Figure 42, linkage assembly 324 is provided with 2 first segment 327,
30 which is pivotably secured to the proximal end 325 such as by a pin 328. The distal end of linkage 327 is provided
with a slip joint connection with a second finkage 329. The ship joint connection is conveniently accomplished by
providing one of the first and second linkagas with an axially extendi’nu'sht, and 'tl_\a other of the first and sacond
linkages with a pin 332 for extending through the slot, together with an anchor such as a nut, soldered washer or
pin for pravammg removal of the pin 332 ¥rom the slot. :
35 The second linkage 329 is tharsafter pivotably connected to the platen 318 such as by providing 3
proximally extending flange on the platen 316 for pivotally engaging the distal end of the second Enkage 328.
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-11- to provi de an extended surface contact area between the base
166 and cover 164. Alternatively, the contacting _ surfaces of the
cover 164 and base 166 are provided with conplinentary pins a 3
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 segnment 176 i slinkrp&327 ped:resend linkagpr32@ haceme|extended to their axighliibndi ng spring gui de 184,

~whi ch may (gonpri se Gy istiatibn of thEwdd@atioh Hag) 1id Wy bl réove VB rhverSy rotdtioP With re¥pdet o6 18 bhousing,
axially extendin e 184 assists .in

- rojections. Sprin ui . .
“mai ntai ning t A9 g‘? finkpge aﬁ"?“l‘?ﬁ r?%ln'i‘“ bpr colfapped -E’H‘r“f‘hge g"?i‘!‘“d& plystrged i Fpuee 41 Py pressing upon
tensi oni ng the proximal end 325. Preferably, releasable retention structures are provided for retaining the proximal end 325

within or against the housing, to maintain the outer profils of the pump-at a minimum during the dispensation cycle.
_ For example, any of a variety of recesses and snap-fit interrelationships between the proximal end 325 and the
15 housing can be incorporated, which take advantage of the plastic deformability of the materials of the housing.

In accordance with one embadiment of this aspact of the present invention, the linkage assembly 324 is
configured so that the maximum lanutli betwaen the proximal end 325 and distal and 326 is about 1.0 inthes. Thus,
a col spring having a relaxed length of about 7 inches will be permitted to expand no more than about 1.0 inches
in axial length by the end of the dispensation cycle. Preferably, the Inadad infusion pump 314 will have a thickness

20 of no more than about 1.2-1.6 inches, so that the collapsed distanca betwesn proximal end 325 and distal end 326
of linkage assembly 324 is within the range of from about .3 1o about .5 inches.

Linkages 327 and 328 can be manufactured in any of a variety of ways which will be well known to those -
of skill in the art. For example, linkages 327 and 323 may be pressed or stamped from sheet metal Stm:k. such
as aluminurﬁ or stainiess steel, and thereafter drM or punched with tha appropriate siots and pivot holes, er may

25 be molded from any of a variety of plastic moidable materials having sufficient strength for this intended application.
in one embodiment of the invention, linkages 327 and 329 are punnh;:d out of 0.1 inch thick stainless stesl
sheet, with a width of about 0.25 inches and a length of about 0.5 inches. The exial length of the slot is about
0.4 inches, and pivats are formed using maté,'screws or the lilie. _
In an alternate smbodiment, the first and second linkages are pivotally connected togather without the use
30 of 2 slip joint. This construction may extend pivot 331 (Figure 41) faither in a lateral direction than hivut 332
{Figure 42) when the pisten is in the retracted position and the proximal end 325 of linkage 324 is prassed back
inside the housing. Depending upon other design parametars, as will be apparent, the embodiment of Figure 42 may
be utilized with a relatively smaller diamster spring 320. .
As a further alternative, the linkage connection comprises a unitary fink 327, as Wustrated in Figure 43.
35 As will be apparent to one of skill in the art, the outer profile of an infusion pump having the linkage 327’ of Figure
43 will be relatively farger than an ambodimant having 2 coflapsible finkage assembly. In additidn. compressive fprt;e
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minimum value at some point between the commencement and end of the dispensation cycle. Preferably, the
daclining drag provided by the drag slements complsments the declining spring force throughout the dispensation cycla
Y in a manner that produces a substantially fiat nst spring and bag contact area and force throughout the dispensation
cycle. Of the two, the changing bag contact area is a greater nsﬁativa influence than the declining spring force.
Thus, refarring to Figure 44, there is disclosed an infusion pump 334 having one or more springs 338 for
biasing a platen 338 against a medication bag 340. Platen 338 is provided with at least one drag elsment 342 for
contacting a friction eloment 342 throughout at least a portion of its axial length of travel. Drag element 342 can
25 be prdvided in any of a variety of forms, end can extend radislly outwardly within the plane of the platen 338, or
be spaced apart axially from the plane of the platen, such as is Mustrated in Figure 44. |
in the illustrated embodiment, drag efsmant 342 comprises an axially extending suppert 345, having 8
penerally transverse element 346 at the proximal end thersof. Element 346 engages at laest one friction surface .
344, which, in the ilustrated embodiment, ramps radially outwardly away from elament 346 as the slement 346
30 travels in the distal direction. Element 342 prefarably comprises a resilient material such as a rubber or other -
elastamer, such as neoprene. |
Element 346 and surface 344 can takn sny of a variety of conﬂguratmns For example, in the itlustratsd
embodiment, element 346 can take the shape of a circular disk, extending within 2 generally frusto-conically shaped
well, having annular surface 344 extending around the well. Atternatively, surtace 344 can be provided on only one

35  side or opposing sides of a bilaterally symmetrical slement 342. Retraction of platen 338 in the proximal dim:tion_
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single flat mbmdceaeariamdicayrbe optimized for any particular embodiment through routine experimantation by one of skill
n thn art. '
in accordance with one embodiment of lhe present invention, a drag element is constructed as shown in
15 Figure 44. A 50 cc medication bag is inserted within the infusion pump, and the change in spring force exerted -
against the bap, as well as the drag due to the resistance elemant, are measured at each 10-cc increment of fluid

dispensation. The following results ars obtained:

- TABLE 1
fit ' ~ spring force ' output pressure drng net change output
20 w/o_drag clement w/ element w/ drag element  w/ drag element

50 ml 40 Ibs. +8psi -13 Ibs. 0 ' S psi
40 mi : 39 Ibs. : +7psi - -lllbs 0 5 psi

. 30 m] 38dbs. - +5.9 psi o 881bs. 0O 5 psi

- 25 20 mi © 37s. . . +4.4 psi -6.4 Ibs. 0 5 psi
10mi 36 Ibs. +2.4 psi 341bs. 0 5 psi
0 mi 35 Ibs. 0 psi : 0 Ibs. ) 5 psi

-.ln accordance with a further aspect of the present invention, there is provided an indicium of the status
of the dispensati_nn cycle, which can be readily incorporated into any of the previously disclosed embodiments.
Referring to Figure 45, ihérb is disclosed a fluid medication bag 348, positioned betwean a platen 349 and the base
350 of an infusion pump. Preferably, at least a portion of base 350 comprises a transparent window 352, such

5 as polycarbonate or clear polypropylene, or other materials well known in the art. Disposad between the medication
bag 348 and the platen 349 is 2 membrane 354, which will be discussed in datail infra.
The platen 349, or 8 cover for the platen, is provided with at least one embossed symbol 356, such as
an E indicating “empty.” The smbossed symbol is praferabf'y raised from the planar surface of the platén. _
When the medication has been fully expelied from bag 348, the embossed symbol 356 is pressed by the
10 platen 349 into the membrane 354 and the symbol 356 embossed on the platen becomes visible through the window
* 352 in the base 350 of the infusion pump. For this purpose, mambrane 354 may comprise any of a 'variatv of

materials such as rubber or silicone. Membrane 354 is preferably has a thickness within the range of from about



Figure 11 illustrates the configuration of the device when the nedication
bag 174 is approxinately one-half enpty, and Figure 12 illustrates
t he devi ce when the fluid nedication bag 174 has been substantially

conpl etely enpti ed. In a dual segnent platen
enbodi nent designed for use with a 3.5-inch dianeter, 112 inch thi 50 cc
20 medi CAPPOMBhg 174, the first plaggn 176 has a ci rcu?%‘?’u“%’ﬁg‘ga
surface having a dianeter within the range of from about 2.2 to

.about 2.6 i oRhRdhes t]'hﬁoup@ﬂl hdgt %hav&uihﬁ %ﬁcﬁneﬂrbf %ﬁ%ﬂﬂm@h@i §iid mbtoial tah HeVardel ©
formof an annular rin wi dth of the ring at any one
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overal | -outhd ghfingd iTRSEibsiEsd REES &rF prbferBbiycraitell kcca KRN QN sboud I0S Mehes' Bt thé surface of the
approximately equal to the exterior dianeter of the bag. 25

The rel ati ®xtent to which the second platen 180 can travel distally
along i§s path qiafetmgawetgum a8 tirFOBAC tthere is dusclnsudtaﬁ uhﬂiﬂwf piofld s ki Ferfdttor S

I ted b t
bag whi ch | et sl by e gt .93 pepo o i AT 10 5 provied ek °
I ength of thaing mplmihg dl{eni386 cobiaine thdreid whithGsiiaed in the direction of a ﬂmd meﬂlchﬁhn bap 368

accor dance ‘IQ" an{' preo r‘ings%ﬁll.?ﬁlpﬁlg tlllus?rit# OB odPiaiit Sﬁaﬂﬂ tt:ni!I s@%ﬁpé% (ﬂa provid Iﬁ_alvlin 8 og

di scl osed a
13-17. Ref ennsarnlbg:o:ml cenfiguation s Bhat thmvdwnhoer:mmsﬁd soropis mé maresthan thdunmgt ho4

havi ng 450 ,I@ggﬂmggm%ud? flﬁls fsgnd [ ower wall 198. Upper wall 195 and

| oner wal | rgl ecured with respect : t o one anot her,
or renovably sech‘J! rigten 36§ 1 retractad against the biay-feom:sprioy Bfid by ong ormopedeviss 374 movablyl ditppsed

engagernent Jig stidiied path such as sid? BRMAiR Welhevt 161 Adusiy B62. PrAudly, at least one r]alr of opposing
Upper well 196 _can substantial |l y planar throughout the w.d the punp

192, or, adevpr pliand %&“é'& Proyjded, "“’ in the 4@0@30‘15”""&%&1" Pfé‘\m’ ¥ 5§mo%7? ey |y
pl anar centprraideur Qefbreiy toFigire 3, sdmpm-dansnuhmwmhma Hon_l'nu 363. apearricindied frdd 7 35

ot YA P8 T o B0 S T e v 5. S
inclines medially in the axial direction. In this manner, the user can plann 8 thumb on levar 375 and a forsfinger
on iavsr 374, and compress the two levers together to advance the plsten against the spring bias. Inclusion of a
mirror image pair of levers 376 and 377 fur traveling in corrasponding inclined slots {not Mustrated) on the opposite
side of the housing 362, the amount of force required to be exerted by each h.and of the user is divided in half, and

28 provides a more convenient force distribution wntlnn the platen pump 360. |

_ In ane embodiment of the invention, sach of lavers 374, 375, 376 and 377 are separately movably mnnnted
wmnn their respective siots in the housing 362. For example, each lever is integrally molded with or sscured to the
platen 366, and, preferably provided with a bearing such as a roller hearing (not Hlustrated) for mmumzmg friction
during reciprocal travnl within the corresponding inclined path of travel.

5 Alternatively, each opposing member of a pair of levers are joined thlfnugh the center of the davice, to
prhvide a single post axtending therethrough. Fnr'exumpls, Jever 374 and 376 can comprise nminsile ends of a single
shaft, which extends through or adjacent 10 the platen 36B. This design simpfifies the construction of the pump
in some aspects, such as by eﬁnina’ting the torgue which would otharwise occur at bearing and or connecting of
the lever to the platen 366. The unitary post :ai\ sither be permansnﬂy-mnuntéd within the housing, or removably

30 positionable within a through lumen, so that the posts can be removed from the unit once the medication bag has

' been inserted. .
in the Mustrated embodimam. oppusing levers 374 and 376 are apposite ends of a unitary post, and
oppesing levers 375 and 377 are similarty opposing ends of a unitery post. Tha posts in this embodiment extend
along the medication bag 368 side of platen 366, as is #lustrated in Figures 50 and 51. Figure 50 ilustrates a side

35 elevational view of an embodiment of the invention in-which the posts are retained in the retracted position, such
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-13- A chanmber 200 is formed between upper wall 196 and

| ower wall 198 to receive the functional conponents of the infusion

punmp 192. A p 2 is novably- di'sposed between upper wal | ower
wal | 198. Pl a{vg’rﬁg“&q 202 conprises a gentral region 204 gnﬁgsﬁtﬂﬂm

peripheral region 206. Referring to Figure 16, a nulti-segnment peripheral

regi on 206 i & firlidsédtioh btheSibdication hag 368. Figure 51 Hustratéds'8 Point @ lthe diSiBRsBtAn /0¥ of i the elbodiméne d
in the dlrectlon of lower- wall 198 by | east one central spring 208.

Cent' al 'Uur%ﬂq'”ﬁ'@t”QUB“ emaipfocy popl I'?“Wh?"h!‘%ﬂ"r?@ﬁ in position with the |
assi st ance of cerlhts&inu ﬁrlibirﬂ@ thel bl md3CaxtemiITLH th¥Qpth QAN foSiever 374 is provided with a

A L6 nat | vel B st Bk b o s P siehof i) ongng, At eah
'?' ihs posed5 ﬁn dflhla levars ihaschessii adanced tn(xhlrlhmaISBt: , Q@i phaten ﬂﬁliélwmié nlka?blvmtﬂ:ﬁ&in the r;téamd o

e .periphera i n ire n r. wa -
one bt ror o T SEAefHR e o s Tdncn g 88 nchyeo i 28 e B S pmehg e
segment s 214Thisaam b eccpmuplisbad deady ofi@ vdriaty ddepelhﬂheﬂtekduﬁaﬂmg such as iy ;ntrmuainm kb floid
annul ar per 'b‘&@%ﬂmﬁgﬁ?&'sﬂﬂo ang m*\ﬁashnpsﬁlﬁ Qszdﬁ’rtn‘i oiidhG The i Gusify Sl W&ﬁ“a% ol &tfﬁd%@i 'y

in enbodi mentsS of t I nven
of the def| awhich nand'yeuaeed jtosinsprt thelﬂmﬂrwwmbm 36B. Entlawing bSallation of/the llaheaeh bquBHtual)n

of the ipfusj Qﬁ\ranced Iatara!lr slﬁﬁfﬁ nﬂ ’nf {hbﬁnﬂbcﬁﬁnﬁ QT&Pﬁo' < it {f? B AR n'aﬁlge# Qﬁmljnﬂﬁ?r

wal | 198 to substanti nmpl et el y" expe e contents
the fluid baingpigs The !ﬂ@ﬁ'nwewmﬂw ""E"F’!é""! fméhedemwr f_vm af shinge peipt et dliustiated) taan

axi al |y upwargddéelthd ;ﬂﬁ‘*,érﬂ ﬁﬂamg,al zone 15 199, which is dinensioned
to be conplement ar%arably. the atng}e of ﬂs rplatﬁ) Dfetgaﬂ! nfrle?egr |3_?4n wal(:)h,Gm ?hg iﬂﬁsltr?t}:degnbnzdl?n%m is governed
. ~ by the angle of the slot 370 is within the range of from about 10° to about 20° from the plane of the central
15 region of the platen 368. As will be apparent to one of skill in the art, as the axis of the path of travel of lever
) 374 approaches perpendicular to the plane of the platen (Le. approaches the longitudinat axis of travel of .spring 384),
the leverage obtained in advancing the platen against the spring bias diminishes. Thus, in one embodiment, the slot
370 could extend at a perpendicular te the plane of the platen. Howaver, the patient would be required to exert
a significant force in order to retract the platen against the spring bias.
20 The lower limit on the range of angels between the path of trave! of lever 374 and plane of platen 366
is governed by several factors. The axial component of the path of travel must be sufficient to fully retract the
_ platen 366 50 that a medication bag 368 can be insmd; Thus, as the angle decreases beyend a certain limit, the
length of the path of travel must be _incmssd to obtain the same axial component, thereby requiring a larger outer
_ peripheral dimension of the device. In one preferred embodiment, the housing 362 has a length of about 5 inches
.25 and a thickness along the longitudinel axis of spring 364 of about 0.9 inches. Siot 370 inckines at an angle of about
15° from the plane of the cantral region of the platen 366, and has a Iannth of about 2.2 inches. |

In accordance with a further embodimant of the present invention, there is provided an mprovad spring
biased intravenous infusion pump having a parallelogram "scissor"-type linkage for transferring spring force to the
medication reservoir. Referring to Figure 52, the pump 400 comprises a housing 401 which may be formed es an

30 integra) unit, or from two or more detachably connected components as has been previously described.

Referring to Figures 53 and 54, the preferred detachable component housing 401 comprises a cover 402
and 3 base 404. Each of the cover 402 and the base 404 contain an annular wall 442 and 444 extending in the
axial direction. Complementary threads are praferably provided on the outer surface of the annular wall 442 of the
base 404 and inner surface of the annular wall 444 of the cover 402, to facilitate th'raadable.angagsmant of the

35 cover 402 and base 404 as has been discussed. Alternatively, the contacting surfaces of the cover 402 and base

404 are provided with complementary pins and J- or 1-shaped grooves tn permit a press-and-twist fit mterlnck



Referring.to Figure 16, each of the peri pheral segnents 214 on platen 202
is conmetted to the central -~ region 204 by way of a hinge 215. Hinge
215 can be provided in any of a variety of ways, and still acconplish

t he objectives of the present invention. For exanple, the entire platen 202
can be formed froma sheet of material ‘having sufficient :
flexibility WRETP4Ak biasing forces due to central spring Rfg/Uig/04400

peri pheral spring 210 will deform 20 the platen, as illustrated in
Figure 14. Preferably, however, the hi ng?@ 215 corrpri ses a relatively nore

Lo 20 gy B R A e By 60 i, g
-material i Ihaaphmntw l!mprufnusedadmrbﬂmm 215, as illustrated, for exarrpl e,-in
Fi 13. 15. t d
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as by productipp o tmsdigyl ﬂm @umns.asuchzmbia@immm qsexhqmwwalnr Yemshpeyn@d4 on
a Tl exighl @ il Ghy i mtvs‘fmy%# ol sﬂmﬁsémaym GURRE Sy gn?ncatmn fuﬁmubﬁng aeged by

|nject|0n no H’G‘? a variety npi ng an
mlling or wiide ngm""““m”t"@b'hﬁ?qﬁes may. al so be utilized to produce an

annul ar groove unraaaemum "ahitlar vebll 442 anbuftt @61434 Ao cdvéd 40P Cdopbrbt oS bim 2 Qidamber 446
Ref erri ng to Figure 17, there is disclosed en alternate _enbodi nent of the

pl aten 202 for B’&?‘l"?‘ﬂ:’ﬁ# fxpefiapal sompapents pt the infusian device, in ‘&HW‘GS’FW%WW@W for.
use in an waﬁﬂmi\haham S@h as a flexible madication hams by Rdahsifls ipafgeﬁu gh dsRRRY N13. NBY
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pressure. through the housing 401 by wise bfes partn450t Moliificgtion @b thi or2450 th haesommaddate chasnrhmsed a

VT B0 (o TR otk DO KA o 408 ey vt B of W Rl fow reqiaei? 4P 216

i n accordance W esent | nvention. ing retrac
.conveni ent Mystrglpﬂtmwtdtelﬂyﬂaﬂpfamlatmls provided nnflw(t:IlnuMBed lever, to retract the

pl aten agai nst ‘nk@neﬁpma'?ﬂd mtﬁﬁmﬂt@# ﬂnt&ﬂgtz& 'fo?@sg?ﬁ acdofdshkd Mﬂghc Mﬁer t ﬁiare in_

medi cati on bag na ter "be easl I nserte rough a
si de offeni #g otem ok fram seny 3.8 dnchey in(digmates troabbon § ingligesin @mem pnd Siam about Qf5inches to about

Referring g uEumarc@ ﬁoﬁmﬂ infudion poaips 30EA trrdchive othed2edbkysLarhe Wadi produselin akterdance
retractor 218 &E retractor 218 is operated by lifting a

pati ent -acihthe .50 whi ch rotates about a ful crum 222 on the
housi ng of the RéténingitdRipures 53 and 54, the platen 410 embodiment designed for use with a 3.8 inch diameter, one

inch thick, 100 cc. medication bag 406 has both a fiat, circular central contact surface 413, having a diameter
20 within the range of from about 2.4 to about 2.8 inches, and an annhlar ring portion 415 which inclines away from
the reservoir contacting side of platen 410. The outside diameter of annular ring portion 415 is genarally within
the range of from about 3.4 to about 3.6 inches for use with a 3.B-inch diameter flat medication bag 406.
Medication bag 406 is approximately 3.5 inches in diameter when full. The angle of the surface of annular ring
portion 415 with respect to an extension of the plane of central cnﬁtact surface 413 is preferably within the range
25 of from about 10° to about 45°, end more preferably within the range of from about 10° to about 30°, '
In general, the transition 417 butween the central cantact surface 413 and the radially inwardmost extent
of annuler ring portion 415 is positioned so that the circular central contact surface 413 substantially completely
covers the planar portion on the upper surface of fluid medication bag 406. Referring to Figure 53, madication bag
406 comprises a generally planar upper surface, having an outer limit or transition 407 where the peripheral region
30 of bag 406 commences deviation from the plane of upper surface 408.
As illustrated in Figure 53, the transition point 407 on the bap 405 is roughly coincident with the transiﬁon
point 417 on the platen 410. Rafnrrinn to Figure 54, the interior surface of bottom plate 408 is configured with
a cnmplemehtary nesting surface for platen 410. Praferably, platen 410 contains a guide 425 such as an annular
fiange extending in the axial direction for stabilizing the platen 410 aé it compresses the medicetion bap 406 against |
35 the base 404 of the housing 401. | - -
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of the threaded shaft whu:h vnlt slidably carry other moving parts, as will be discussed. Alternatively, the spring -
guide 414 can be constructed from a generally smooth rod, having & threaded region only on the distal ends thereof
for receiving nuts 416 and 416’ -

A spring stop is carried at sither end of the :ﬁrinu guide 414. As will be readily apparent 1c one of skiff
in the art, any of a variaty of means can be utilized for vetaining a sprinp under tension. For example, a nut or nut
and washer threadably engaged to the spring guide 414 is convenient, both from 2 manufacturing standpaint, and
due to the ahility of the manufacturer to adjust the spring tension by simplj rotating the nut.

In the illustrated embodiment, a spring stop 419 is provided on éach fateral end of the spring guide 414
for fimiting the lateral expansion of each spring. The spring stop 419 generslly comprises @ radially outwardly
extending annular fiange 423, having an aparture 421 extending axially therethrough for receiving a threaded portion
of spring guide 414. Spring stop 419 aiso has a cross-sectional ares through a radial plane sufficient to limit
.nxpa'nsinn of the spring. Each spring stop 419 is preferably provided with an axiafly extending tubular sieeve 418
snd 41 8’, which in the assembled pump extends medially along the ipring guidé 414 and within the spring. in the
iliustrated embodiment, the sioavas 418 and 418" have internal threads complemantary to the thread on spring guide
414 to sacurely threadably retain the spring stop 419 in place.

in an aiternate embodiment (not illustrated), the spring stop 419 comprises a radially outwardly extending
annular flange 423 and an axially extending tubular sleave 418, as in the foregoing embodiment. However, the spring
stop 418 is held in pface by a threaded nut secured directly to the spring guide 414 on the (ateral side of ontwardiy
extending annular fiange 423. In this embodiment, the intamal thread on aparture 421 and interior wall of axially
extending tubular sleeve 418 is unnecessary. Although the use of a lateral threaded not is convenient from a
manufécturing standpoint, it adds to the overall leteral length of the spring guide 414, which may be undesirable
in a given embodiment.

ever



The spring retractor 218, in accordance with the present invention, can be

utilized with any of a variety - of housing structures. For exanple,
in the enmbodinent illustrated in Figures 18.20, the housing conprises an
upper - housi ng 232 renovably secured to a | ower housing 234 by way
of a pIuraIL% f threads 236. Wien the | ower : hOUS'ﬂQWB /kﬁo
threadably r romthe upper housing 232, the conbination of the ranp
224, pin 230, support 20 228 and plaéen 226 operate to limt the
expansi on of the spring to retain the de |red prestraSS|ng Thus, the

housi ng ThPPringa18 'a.ﬁ'aﬁﬁ‘%g%ﬁ, s264 %&.&Rﬁ sm..@%@ 43 dhd'l adidily M&uﬁgﬁcﬁﬁded
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adapted for use tivel side installation enbodi nents are
al so cont eﬁbf“&‘?'&ﬁ“'ﬁ?“t‘ﬁ%"’ﬂf’ ﬁtu § “P‘f\}}é/ opiin s Fuly sompzazsad siyte, showp, i Figrs, 53, and 112
housi ng 2321daﬁdsnhawemhman m@ sxial draabef shringsi 412 ewatlwaminakw nmcnlcam&aﬂne f
secur ed toget her at.ion o
Che f unct i drmescefile oo BRa 55 o e ebiiny ot tm panteon it 5 e e
housi ng i s 58 latthe end of the dispagatiencpeld at | y si zed to receive a fluid nedication

bag 23w ther et higpyg Hza 9 20  functio 5 sl o Jdgf‘nl @EF}?s g Mcan& 'rulk‘{ﬁat @@@%ﬂ#% e

Fi gures 18-20 provides a un |on
be readi |y sprioptbetie finkage hsenphtﬂbmd nlatﬂnHldﬂJt lnttheiliuawdcmbndmnt.d:um 420 andl | 420°cand s,

and whi ch Lﬁgﬁmﬁ rdctih mﬁnd? Eonﬁbﬂlla%n §Hd Qm.knx anm%lar or tubulb} rrﬁﬁl 5] nIl (@ Brefal e SR of

~the inflat nedi cat1 on bag and

1 g 0. 21 d0e M 0y Biouah e e e a4 amd A28 Tt AR oo 125 Bt e i ¢
ahf ur t'her d Q!’Pilﬁﬁich gtfck ain?‘rﬁngs Fblbiocks 420 and 420'35??5&»3& kaxelﬂﬁxﬁﬁdrilg tﬂgtaﬁr Sblegr:ugﬁfuﬁl'n 21.
£e$ { :clﬁir I @C""?‘S' %‘h&"’(‘h@r’@@’ﬁ"‘ ‘l—‘fﬁtngﬂd‘r%'?méb'lﬂd spring)d ?rﬁr i ses apt hr eaded
menber 242 such Eﬂ:ﬁ bl&:lt d!(Biﬁd 42minﬂ1f'bnmpﬁsaGWQ@irﬁﬁ oﬂdﬁrawmnmls such as aiﬁlinﬁhﬁhlw by
\tAﬁ?,/ eg d eg leéﬁﬂgml aﬁﬂ" lmnwn m the madmR Qavi%ec anéslt refmkliy Rnwavar, & strong ‘mLtweIEht las?c %;tgrial the
such as Delrin, svailable from DuPont is used. Po)ymanc blocks or coatings are prefemd due to their abmv to slide
) relatively frealy an the spring guide 414 when tnmd by the springs 412 and 412'.
20 Each nt two opposing sides of the blocks 420 and 420" parallel to the spring guide 414 contains 8 block
pivot 438. The relative pbsitioninn of pivots and norre_spondinq recesses discussed hergin can readily be memil.
as wﬁl be apparent to one of skill in the art, . '
Two (ink arms 424 and 426 are pivotably affixed to each pivot 438 at 2 fust end thatanf Link arm 424
is connected st a sscond end 1o an anchor pivot 436 which is connected to the cover 402. Link arm 426 is
25 connected at its second end to a platen pivot 434 which is connected to the platen 410. Link arms 424 and 426
form a scissor-type configuration which is a mi'ror.inaqc of the configuration of link anms 428. and 430. Together,
the four link arms 424; 426, 428 _ind 430 form an adjustable paralielogram finkage, as will be understoad by one -
of skill in the art. Preferably, an identical paralielogram finkage exists on the opposing vertical wall of blocks 420
and 420", as shown in Figure 55.. |
' 30 Anchor pivot 436 is secured to attachment 432, which is preferably fixed to cover 402. Platen pivot 434
is affixed to platen attachment 440, which is preferably pivotably attached to platen 410.
In 2 praferred embodiment, platen attachment 44013 provided with an upper cam shaped profile that is
shaped and sized to follow the path of the lower inside edge of sach of blocks 420 and 420°. Suitable cam shaped
:urfa_cns can be provided by either an annulaf, dome shaped element 440, or by providing one or more generally
35 parallel planer elements having a cam shaped outer profile, as will be apparent to ane of skil in the art. Provision -
of a cam surface which tracks the path of the lower inside edge of the blocks 420 and 420’ operates to limit the

securing nmeans can be -
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-15- may conprise either a disk having an external thread on the
circunferential surface thereof, or an aperture bored axially

t hr ough space 4 nd provided with.a female thread for receg

t hr eaded key 8 %m% Referring to Figure 22, a k§§ﬁgﬁgwﬁ“m)
provi ded for t hreadabl y engagi ng the threggded di sk 242. Key 248 is
provided with an aperture extending t her et rough and having a fenale

thread theregs to vﬁnch thn plane of platen 410 J P&rﬁﬁﬁ%eﬁétﬁﬁn&ﬂ%mﬂﬂ stﬁin%tcﬁﬁ gﬂmﬁﬁy @arary

abutti ng agal nst a tron of housi nlg reb [imt 9
expansi on of W&P'E"BN ﬂbh"“f"h"!‘hf'@ (Feeforaly. "’t“ﬁé’ ’Q’&F‘T ﬁ(j""(?élhs"ﬂ@ W@%?fr’é@gé‘ﬂ" &8s
desired, sufficiently close to the path &f't@vePsi dkth W bidck3 @20 5nd @200 excithal it itt 3¥1Be plitendsinithd ne

movabl y p05|t|o[‘}a‘g Wlégl na well 250. Well 250 serves multiple
functions rmtting the | oaded infusion punp 238 to retain the

sane extegior profsadurther dpfos oal im&hﬁirgaﬁhdmnt of the pru'amfmal'ticnna flaid vievelindictor A51 is

o« ne At a8 i npBER s A e e

expansi on of td & eoving rpbrrigy. of Mdcmsorammﬂlyy andtalss @ottie thiddlvelkind2at® 451 Leved iindieatm 45 his

li quid - rts
the key 24g PR My ofubia 3P bck 458 agacen o sc ot Wbl 5 Eairili Sl e MAE" 0
di sk mdlm451@3!1&%0!!@“&&&!mmmﬂmitwumd(ey dravvs the disk axially

agai nst fge bias Rg&?\é WM;&W%H&&FFJ Mad e 'lugL ] aPJ tﬁetb‘iﬂ 404 engaged with hh§ cdvi

the fully retracte ~retracte pl aten abu | ower
wal | of the A% thespriggsdi2 "&%4‘?I'F°LF§!"F'%?€'E'(P' highest wmvfhﬂm émhesms AR andi 47 selepiauftme

t h?| I ogler POlintd ditebeish cferbéhlwlaﬂb'%h B! Gradtioncut bmrmhenﬁ w&d a.fuqrzn- m&fuaérmhmmerof
a ul

st al |ed t hObHEN W 41, e i itk ans  428 42 S S5 i g svart  he st

direction. Through this mechanism the force exerted by the springs 412 and 412 is tronsmitted through the fink
156 - arms 424, 426, 428 and 430 to the platen 410 through the platen attachment 440.' The spring force component

transmitted by the link arms 424, 426, 429 and 430 to the platen 410 increases throughout the dispe_nsatiun cycle

as the tension of the spring decreases so as to maintain a surprisingly substantially constant medication output

pressure until the bag is substantially collapsed, as shown in Figu_ra 54. This surprising result shown in the

experiments discﬁssed infta is desivable in applications such as infusion of chemotherapy chemicals into a patient
20 over a period of time at a constant rate. The mechanical advantage obtained by the link arms 424, 426, 428 and

430 compensates for the decreass in spring tension and the increase in the bap contact area over the dispensation

cycle.

' EXPERIMENT )

Constructing the Pump
% A platen was constructed in accordance with the embodiment #lustrated in Figures 52- 58, having spnngs

412 and 412’ comprised of music wire having a vnra dlamater of approximately .085 inch, Spmgs 412 and 412"
had an outside dnm_ater of about 0.5 inches, 2 spring constant of approximatsly 111 lbs. per inch, and were
 approximately 1.7 inches long in the uncompressed state and approximately 0.9 inch long in the fully compressed
state, as shown in Figure 54. The sum of the axial travel of springs 412 and 412' was appfoximately 0.7 inch
30 betwsen the :ofnpressad state as shown in Figure 53 at tﬁe heginning of the dispensation cycle and the state shown
in Figure 54 at the end of the dispensation cycle. The springs were preloaded to about 35 bbs. on énch side, and
were messured to generate a tots! spring force of about 160 bbs. Blocks 420 and 420" were constructed from
Delrin, available from DuPont. The langth of each of the four fink arms was about 0.8 inches from pivot to pivot.

The platen and opposing wall were substantially flat to isolate the pressure effects due to the spring biasing
35 assembly. .



preferable that the distance between the platen when fully retracted and
the bottom of the housing be slightly greater than the thickness
of the filed nmedication bag so that the bag may be conveniently slidably
posi ti oned : t her ebet ween. 20 - - Once the bag is in
position, the user sinply reverses the direction of rot at| ey,
and spins t. K0 Rigpest to renpve it fromthe threaded di %Iﬂ%ﬂ%p&&ce t he
key is partially backed off of the thre% ed di sk 242, the

medi cation bag will be under pressure eXerted fromthe pl aten 244. :
Referring to Figure 24, there is di sg* ﬁﬂ#ﬁ; | oaded and pressurized fluid
nmedi cation delivery punp 238, to that illustrated in

Fi gures 21-23, and including sone Xestidi the Plateri Punlert ai | s. For exanple, the :
cross-sectional ﬁ%ﬁccmam s¥ibnbdy 405 w ?s}ﬁu{o@ 93 Pertpip éﬂﬁﬁﬁhlﬁﬂﬂ%euﬁmﬂ“‘&m has

a w dth whi ch changes roma relative narrow di mensi on

poi nt of amladh?nm#ﬂm bag -85 tway M’@cﬁstxﬁe‘ﬂbm inctss, mefisptien) bap 406 Jlesreased roues ther o -
10 a rglat Rlootyds mﬂi Belo illudu/dfes fhé 6% accumulated irmﬁ'ﬂﬂ ekperiniet® t Nread.

Simlarly, the channel tor receiving each thread is provided with side

wal I's whi ch taper towards eachl8klkr in a direction extending away
fromthe bottom of thg Zibaed frod N thi s manner, the gygn@pds are provided
with a full or partialmwim;aféiﬁﬁl ng fit, which w || pagintd) t he use of -
thinner, nore flexible construction materials for 30 the side walls of

t he howsing, while mniniziong the risk that plastic de®rnmati on of the side
wal | s under bias from 5 the spri ng wi Il cause th&dthreaded side walls
to di sengage from each ot hdr. : I n addi&0 on, an annul ar

pl aten guide 253 is providéd to opt| m ze the precisiorbbf the axi al travel
of the platen 244 throughout the dispensation &hd reI oadi ng cycl es.
Pl at enlégui de 253 cooperated with an annul ar spring 5.0 gui de 254.

Pl aten guide 253 -and spri n? gui de 254 in one preferrecﬁlbnbodl rment conprise
concentric annul ar flangesiB5 which are axially mylbl e towards and
apart fromeach other in a"ﬁ el escopi ng fashi on. 5.05 .

51
20 25 _ 5.1
K 1 5.1
3% 5.1
40 495
: 425 45
25 45 445
' 46 4,25
47 4.1
475 8.0
4B 39
0 485 35
49 24
50 _ 0
Tha data obtained from the above experiment is reproduced in Figure 56, which plots the volume of
~ medication dispelled in cubic centimaters verses the output pressure in lbs/sq. in. The percent change in output
35 pressure versus the volume expelied is lustrated in Figure 67. Figure 57 illustrates the remarkably steady output

pump 400.

- pressure of the medication contained in medication bag 408 during the dispensation cycla'prnducud by the platen-
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-16- An alternate neans for connecting the spacer 246 to
the platen 244 is also disclosed in Figure 24. Al't hough the spacer
248 may be i @8%734'1’ nol ded or otherw se forned with the plg&Biseidsont he
spacer 246 na for manufacturing reasons, preferably be separately
manuf actured and | ater connected to the phaten 244. This may be
convani ent from a manufacturing standpoint or because of the desirability
to utilize different constructi on mat egypgiiMENT B for the platen and the

spacer 246. For exanple, referring to Figure 24, the .
spacer 246 extends through an apertu%ﬂ-ﬁd—ﬁﬂbﬁ& aten 244. A shal | ow
recess 249 is pr qwleq,e.#nem Rﬂaesorne%mﬁwn% mgn'ilrdﬁu@fwnﬁ B a0p ke inatatidd ag. aTHe

preferably is radially symetric about 'Q'Be axis of .the

|y
spacer 246. R&’é’@%’&“ﬂ?‘r"kﬁ'&ﬂ“\'}%‘éz%"%ﬁ%“&@?"ﬁ?ﬁ?%qﬁﬁﬂ"&“ acer 246.
Anchor . g 247 may be an integrally TABuEmed di sk or sheet on the end of
spacer 246. Alternative _. 247 is secured to 19 . pigPacer 246 in a
post-form ng operation, ¢ spot wel ding, solv di ng, thernal
bondi ng, or attachnent ﬂ “ screws or other fa means. '
In a preferred enbodi nent, tHe t hreaded di sk 242. spacerg 4246 and anchor 247
are all ganuf actured from a suitabl e non- corrosigge netal such as
stainl eS? steel to ninimze he occurrence of stress fati,gue follow ng
r epeat ed usage of thg infusion punp 238. As |Ilh|$grated in Figure
24, anchor 247 is preferablygseated within recess 249 ipgzgl5 such a
manner that a snmooth exteri o surface is provided for cqmpressing the fluid
medi cat iygn bag. 50 The overal |l thickness gfsthe infusion punp-
- 238 can be reduced by incorpgrating a collapsible platens retractor
and restrainer. For exanple,zgreferring to Figures 25 and.226. there is
di scl osed an i nfusion punp 2§86 havi ng ' 3.95
o .80 38
20 85 . 34
88 28
100 : 0

Figure 58 illustrates the output pressure over the dispensation cycle. Fiuure' 59 illustrates the percent

change in pressure over the dispensation cycle. _
25 Increasing the volume of medication in the medication bag 406 from 50 cc to 100 cc remarkably did not
dramatically affect the change in pressure over the dispensation cycle on the medication bag 408.

feferring to Fguras 61-65, 8 fiuid container 500 is provided which may be readily used with any of the
praviously disclosed embodiments of the platen pump. Preferably, the fiuid container 500 consists of a collapsible
medication reservoir or bag 510 in fluid communica_tioh with an effluent fluid fine 530. The effiuent fiuid line 530

30 may lsad to an administtatinh set 540 shown in phantom in Figure 61. An administration set is also shown in Figure
7. The effluent fluid ine 530 may be standard PVC tubing or other imaterial known to those skilled in the art. -
| Preferably, the medication reservoir 510 has a first surface 508 and a second generally opposing surface
509. The first surface 508 and sacond surface 509 each have a substanﬁally planar central portiﬁn 512 and 513.
o ~ In a medication reservoir having a diameter of about 3.5 inches, the generally planar centsal portions 512 g‘nd 513
- 35 typically have a diamster in the réngk of from about 1.5 inches to about 3.0 inches, and praferably from about 2.4
' inches to about 2.8 inches in the fully filled configuration. _ :

A transition portion 514 surrounds the circular centrsl portions 512 and 513 of the first surface 508 and
second surface 500. Transition portion 514 comprises the portion of the surface of tﬁs reservoir 510 which deviates
from the plane of first surface 508 or second surface '509. Thus, transition 514 joins the flat circular central

40 portions 512 and 513 with radially exterior-most sloping portions 516 when the medication reservoir 510 is full as-
~ shown in Figure 62,



a collapsible platen retractor 258. Col |l apsible retractor 258 geneﬁally

conprises a first segnent 260 which is axially novabl y di sposed
with respect to a second segnent 262. The first segnent 260 and second
segnent 262 are 20 - assenbled in such a manner that they operate to

limt the distal travel of the platen as illustrated in Fig #gm%gw
~this manner, MOY8R#%%e of the infusion punp can be renoved, g Meation
bag inserted therein, while the (ji)llapsib-le pl aten retractor 258
retains a prestress on the spring. had In the illustrated

FUbul ar bty 2611 il Ryl el BF RERs1d el itd o bt ;. B T 1@
per pendi cul lamllt oventive alpl cmmpluﬁstm aeternaripREE sdga ﬁe "seeniiess” 420 SMGWGEP'@MQQIWW
first segmep Bﬁﬂh@ul %nrﬁﬂ tﬂﬁnﬂue‘é"kﬁo@n M}g sl aten 268, or secured

t heret o usi n convent | onadopt ec Iclent to withstand the
forces gener at edpfirst pufacs 508 ang W!“’ %mm §09, ep P@hﬁ%f%ﬁfmm Tpcshpntsosf| angitabling
of the 5 ponda n%é %ms&@nmmw mmefsm{.m &Lmnﬁe,gmsmmaﬁ& thﬁmﬂlﬂﬂ\ﬁsﬁlﬁdon' Mhd N8

i1 lustrated enbodi nent wt aralawillnwar di rected Iange 253
whi ch oper athests mpy byjoined af %’"b'??ut“?"h% pse\f 40, °fr°e‘§1!9§'c°f joipipy 1echpinypssuchcr theral borgdg. 5
wi Il be di sgém8ding, adhesives or by a radm frequan??ﬁém OPrét@4MIYEE medibation reservdias tnhiwﬁidrfﬁh ed

enbodi ment conprlses an el on ortion 26
565 and a SSBBTRUSReDbasuRs B 9 ST of bt 8 DI SBGOLLROPRR ki 38 oc
el enent SUﬁm|ﬁﬁnﬂtﬁd&kilahlﬁﬂﬁﬁdhﬁ@d , generally in a plane which is

' h ' d' ngd. I
i Bon® e i et g 8 8 o) 5y B R HERY it R g S0
i nf usi on putpugh 3R .usaTdi @ radia NP Gald ¢rthwri bomitee s join525. Dthemesns din jeieing the medicationg

di al I ' | . Lt . L
(20111 R0 G510 R, 838l Wik bl A 2o P
second end wib5e widioapphrentae thejeof skilintheRstd wi t h an enl argement for cooperating
with the flange ﬁﬁerahly th@lﬁa%lcﬁlgn Mdh&i’liﬁﬁ sih\%iif Fm Bi-ﬁ!’: ok ﬂlﬁnskhﬁhmﬁnﬁﬂﬁé Gfrfroﬁf

the pl aten 268. second gre er ab nprises

one
nore bdfbs e |3r$gn°ae=rte st 'ﬁﬁh%!tﬂa‘f 8 th Withis “"a"ﬂ'!!’ 8 ’fﬂ"'cﬂ?“ﬁﬁ'ﬁ jinghes 1. 1- 'Mj‘"@hoﬂl der
t 0 cooper at gnad), tthe damMBHE the B iR Rfiedted by the type of compression mechanism used. For example, in the

threaded clam shell embodiment of Figure 1; a bin having a diameter of much greater than ahout four inches would .
require a pump having too big a diameter to be conveniently prasped by many patients. Other compression
~ mechanisms, however, can be readily used with 5 inch, § inch, or larger diamnter bags. The height, or thickness

20 of the bag Is typically governad by the desired volume and the maximum desired diameter.

For many applications of thi present invention, the fluid container 500 proferably contains 50 cc of fluid. -
Although these volumes are preferred m the present invention, other sizes of fivid containers may be easily
constructed using the disclosure of the present invention. These varying size fluid containers are contemplated by
this disclosure, . _

25  Animportant aspect of the fiuid container 500 is that it is able to withstand pressuras applied to it by the
platen pump disclosad hersin. Further, preferably the fhiid container 500 is relatively inelastic in order to minimize
the change in pressure on the fluid by the platen pump. Advantageously, the disc like configuration of the present
embodiment of the fiuid container 500 results in substantially even pressure distribution throughout seam 520 when

.the medication reservoir 510 and effluent fluid line 530 are in the dispensation cycle. As discussed above, this.

30 uniform pressure distribution minimizes the buildup of localized stresses which could izad to a rupture of the container
500. |

Another advantage of the fluid container 500 is that a plurality of filled fluid containers 500 may be easily
stored such as in a vefrigerator in a statked configuration. Further, when the fluid containers 500 are embty, the
volume required to dispose of them is very small because the fiuid containers 500 are flat and flexible when empty.

35 In addition to a fiuid container with a circular outer profile, other shaped reservoirs may be constructed in_

accordance with the disclosure of the present invention. For example, referring to Figures 56-69, a square medication
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-17- illustrated in Figure 26. In this enbodi nent, second end 266

is generally in the formof a rounded screw head, havi ng a sl.ot
270 extendi nOwaghaldsy therein. This design pernmits easy assepbinyswisdohe
conponents of the i1nvention, such that the second end 266 can be
press fit through the opening wi thi'n annujsar flange 263, to provide an
axially movably interlocking fit between first segnent 260 and

second segnamervikGB0 having a genarally planar square tofReurfaca 662 andboctbm tutfeze S63map he BESn copmitiont
th bi t h L ust [ at;

cconpl | Shechimafpid gl BF o Al 4§ GBI § vl e rBBafl BB Yoy

- exanpl e, fi rand bottorl suDacss Efah smarepm(uﬁnd eslervoir 560 have geviernlly sguare Gmwttmmmmn@mn for
t hr eadabl i\ . .

mannor 1 r dprints S84\he Ao b dnd o 0. #lual gl Ebeh U S ol <
force ge51er cfi7@ d@ndajtach jthe meginetion ag 56@ tortheteffiment fluis) line: &7A aQﬁgﬂtt5§9 t he

position illustr %ﬁﬂndn@ Egdrdﬁ@n?%aﬂm Jnk}g&fmid'rﬁﬁvow @61'%?'&:&?&%9@ #amr,ﬁ&adnﬁal

inserted into the such I nsertion rou a | ateral
“openi ng, or. i 'F’GIPPH\/E& ang581 lﬂ!“'ﬁfa@é“d‘lmhtwfﬁ%ﬁ' og gf thesdes Gwhhg‘*?ﬂq'lai BHigeion on

of the eservoiH0 (Fig&ds oR7HES .&?éha al Jaeofkﬁmsmi thé de&amsu a.ea‘.cem teksPvoif mwags

fromtheflrst end illTustrated in Fi

segnent 262 83N man bt Boyidtde P"H@'ﬂ é‘? W’&bﬁps-c@!‘ I‘%@%@E‘ﬂhW&Wﬂ'ﬁ“ﬁ“ﬁé‘“’fﬂbH\‘th’@w

261 of frst5esp weitds (586 OwelbeCsides (590) or twaty Pous siles (§B2§d1ﬁﬁkprﬁﬂiderl or profile of
the infusion pu Al ternativel

, f th
additional retrach Pg'ﬂh%f'?bﬂm‘ﬂfr the pregpnt @Y'B@é&‘”?&’r’eﬂ"ﬁ’“@ﬂ% "éﬂ%é% fgé"ﬁ ‘?‘f@d?‘ffﬂ?"?'t ed

~into the 15 medicatif begae IReferdnpivokijuie @0, tthe pump 600 comprises a housing 60Rbrmed fromg chwer ﬂZguf &S

2729, ther Gulo okl 4 L5362 1wk s S Bl RS S B OGR!

| east one rone ousl! ng lasing a
pl aten 277 cpsuctiont ofamddmt demalhbusm&uﬂons ivisetipr eldiigraf thermoplastic or thermoset polymers.

15 Altarnatively, any of a variety of ather techniques may be utiized, including fabrication from sheet metal stock, as
will be well understood by one of skill in the art.
A handle storage recess 608 may be formed in the cover 602 during fabrication. As will be described
hahv)v, 8 handle 81D is usad to raise and lower the platen in the pump 600.” When the platen is applying force to
a medication bag (not shown), the handle 610 preferably separates from the pump 600. The handle 810 can be
20 inserted into the handle storage recess 608, providing a convenient location to store the handie 610 when not in
use. A Jift tab 608 may be included on the handle 610. The fift tab 608 pravides asslstance to the user in
removing the handlc 610 from the handia storaoe recess 60B. '
The cover 602 also may contain @ tidge 812. -In one embodiment, the ridge 612 is formed as a mound
with an aperture 614 in the center of the ridge 612 for insertion of the handie 510, Hova:rever_. other configurations
- 25 for the ridge 612 are contemplated as will be easily understood by those of skill in the art. A portion of the
- handle 610 is preferably spaced above the cover 602 in operation, thereby allowing a user to turn the handls 610
_ without interfarence from the cover 602.
A connecting tab 613 may be k_n:atad on & face 618 of the bass 604, The connecting tab 613 includes
_ an aperture 515. Because the pump 600 is designed to be carrisd over an extended period of time by the patient,
30 the connecting tab 6813 provides a convenient way to tote the pump 600. A split ring, string or other material can
be placed through the aperturs 615 in the cnnhul:ting tab 613. The pump 600 can then be sscured to an LV. pole
or 8 patient. Of course, the connscting tab 613 may be integral with the cover 602. In addition, other connecting
means may be used to assist a patient in transporting the pump 600. _
Figure 91 shows an exploded view of the pump 600. The pump 600 includes the cover 602, the handle
35 810, a spring and linkage assambw 620, a piaten 630, 8 connecﬁﬁg boit 645 and the base 604. A rectangular

medication bag 640 is inserted into the base 604 during pump 60D operation to provide a medication reservoir.



fluid nedication bag therebetween. Platen 277 is retracted against the

force of the spring 274 by a rotatable retracti on mechani sm 279. 20
Preferably, retraction nmechani sm 279 conprises a threaded shaft 280 which
is rotatably linked to platen 277. This is conveniently

acconpl i shed roviding a radially enlarged anchor 289 on ghg, o4
shaft 280 ana?&w:ms posi tioning shaft 280 through an opening |S:’Wg at en
278 which is too small to permt passage gf anchor 289; as :
i |lustrated. The proxi mal” end of shaft 280 is adapted to

receive a crank Zrﬁs]tm;epf@%fgn to%t% i Bﬁﬁ‘t'ﬁtﬁ Blter i 60EddabiF enpdpss a?cﬁrmpnnﬂnb BrocReEiech

shaft 280 to retract--platen | lustrated enbodi nent, an openi ng

i n the upperthatemtBid; iWhen the rie 608 of the cnmﬁg{,lg 'nngoq ingo the q;qppedﬁg of the yse 504, the base 604

conpl enent argy éowiraézeu&p%ﬂ fah &5 LhirbaCEas i ConfuRAP i ﬁiiclmﬁﬂ cmpsdam; hanet ihFisA dévice N
t hreaded shaft 280 t he 1;;)I at en

277 is ret ra&‘!’! they W‘Pbl‘ﬁtﬂ’lg“‘f‘ﬂ\%‘"ﬁh‘@é&ﬂ&%ﬂyfﬁ“m%b"'g 6““t“‘fa"t“"°é Y oot
bag 282 gan ﬁuﬂ&%ﬁd&ﬂlﬂaﬁﬂgﬂﬁﬁmﬁehwzmmemmd the base. Thereafter,

. ord h fil h d s 28

e ot ated i a iRty sphrime ool g iess srnoh § 5 ARt q&sa'aaanféeﬂmy
bﬁpk i nto thedthe l(:jnvar 602 mdtpmfitahmm;sﬂﬂﬁﬁgaSontahummmreds 20651 m:azlzm paEaf
this ur pos medl a er
whi oh wi | 3’@' e i e bk 38 65 oF }‘Pﬁt’? ool of BB 35E n”ﬁ&.%{,trnlé 624 and 8274
‘the vol une disert i thie tar cxpaiveraiB3Romid B34. Alvrespedingia picer raceivars (not :l-mgaremteg brositotionh e
suftici 6“ | Yy u}]%gb Qov eéﬂf.‘t "lﬁq:nﬁngct(;l tﬂﬁs SéSaqﬁﬁ b{ﬁ Jlierirgltthnoﬁk}spﬁnrpﬂgms tdder 602. This

acconmodat e ¥ acene ure
Referring t mﬁa@muwha sprmmd Enkngegssombih,B28 hetween thy platen 630 aﬂdl‘l‘frFa‘I" Wew of an

i nfusion punp su @sﬁﬁnﬁhﬂa 91, the connactlhdbkmg isPheferdbly iferted hrbighn etk B36 ifhe platen
|IIustratedthere|n a scala 283 provides an indiciumaof the relative
st at us of t 30, through an aperture 622 fom\ed by movable blacks 621 and 623 and through tha aperture 614 in the cover

602. A threaded bore 611 of handle 610 has threads corrasponding to threads 846 on the connecting belt 645.

15 The threads in the handle 610 enpage with the threads 646 on the bolt 645 allowing movement of the platen 630
via the spring and linkage assembly 620 upon turning the handle 610, as will be described bslow. When the handie
610 is fully engaged with the bolt 645, the.pump 800 is in an open position. When the pump 80D is in the open
position, the platen 630 is fully stored within the cover 602. This allows the cover 602 to separate from the base
604 without interference from the platen 630, As the handle 610 is turned to 'sepame the handle 610 from the

20 bolt B45, the platsn B3D begins to lower into the base 804 via the spring and finkage assembly 620.

' The medication bag 640 is preferably in flrid communication with the patient by way of an effluent flujd
line 648, which extends through the base 604 by way of a port 650. Modification of the port 850 to accommodate
the various relationships betwesn the cover 602 snd base 604 will be apparent to one of skill in the art. A flow

| rnnnlator {not |llustmed) to regulate the flow of medication may be provided on fiuid line B48.

ya in general, the medication bags 640 cnntamplated for use in accordance with this embodiment of the
present invention are standard medication bags well known and used in the art. Standard bags are currently
produced by Abbott Laboratories ang Baxter Healthcare. However, medication bags adapted for use in the pump 600
can be readily produced in accordante with the disclosure herein. The medication bags 640 include 2 flvid reservoir
segment B41, an injection port 642 and a fluid delivery port 844,

30 Whan defivering medication from a medication bap 640 to a patient, only the fiuid reservoir segment B4t
is comprassad by the platen 630. The injection port 842 and the fluid delivery port 644 are generally not
compressed. The platen 630 is approximately the same size as the fluid reservoir segment 641 of the medication -

- bag 640. To protect both the injection port 642 and the fluid dalivery part 644 of the medication bag 640, the base
604 preferably contains walls 552, 654 and 656 forming two compartments 653 and 655. The injsction port 642
35 fits inside compartment 653 and the fluid defivery pﬁrt B44 fits inside r.oinyirtment §55. When the medication bag’
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- 18- punp throughout the dispensation cycle, In the illustrated
enbodnent, the platen 277, or an extefision of the platen 277 is

vi si bl e throggpg,ﬁghﬁgpeni ng 284 on the side of the housing. Sicaiuts7/64366 Ci um
285 are provided on the side of t he- housing for allow ng the user
to roughly quantitatively evaluate the rggaining portion of the

di spensation cycle. " For exanple, in the illustrated

enbodl ment , 840iCinside akecpuraElo, rthu’iﬁiecfm(pm m@ndtm fiuid idelivery Toit S44satecyirotectwidy commIteEREN t
t he pg@ﬁ Eﬁgﬁ‘g}@he"m d&*an!‘gml mql S ;?Fmplsﬂn the bag. Alternatively, in

a devi ce wh nsi one a 100 cc delivery bag,
the scale could Reidlmurmraseﬂmammy mpuwum exerts adfbrcare dlie onadication bag(640 thraugh the

enbodi nent havi n fl (o ,
the indiciufff %@93&@ e&Bﬁow d%&’"?"r!! ki %’%“gﬁﬁﬁ'ﬁ%&@{]ﬁ@ q;E'%ou"?'gs*rg“rm"‘“\{’glmtqt es,
reflectisng elments baving »lowsigudindl mis which extendscht sypaglecwithirespectay the longitudinal axis of travel of the

Al 'so illust Sido Nt .o f

et racti ng. PREFED: ekl fyiede defend s Gyl bl s AT oy of

t hr eaded shaffthe Pl!m 6305 As diggussed belowg thp biasing Q‘!GWU‘P!FTMCP@P"%QFEH s g of SP'I“OSSIFV'HU

conpact posjyt ubsam«@%zmg guide such a§ ' Cebhtr@tSshatgr | thbitarScoRdF, 2 B2sva th! pinp GO irPeh Brafarnvd
ready position 28 which the crank is positioned for use in retracting

the pl aten Qrpydmnt is deslgnad to be portable, it Rélf:&b}e,twgangfactq:q m&"iﬂf“ apd sma(ll 1% passihieg To

di scl ospd apdié e bveal mgampmd ipipI800, ko IS df Birihis iaf HreR4ETP usktPod it Giaing element. The
col | apsi bl g, ﬁ‘afnent ed

O APl i AT R e 18 e g s i T

I |1 ust r at edthe darheter) ofr sosingle Fair 2Dspringe t Usipespriigs of atsialiertdamea dibels the dweralClieight of the pume

Ezglm?ls SL'; g?l g@ttg decllgese P e«r:md d\e I ml xﬁ»&ﬁg Wﬁe%%g%&s giep[}w&wﬁlawun&q?u%a Qo tﬁ&aﬁn 69({
Ref-erring t By ﬁplguraebalaut.ed forcef tha dnmgwﬂmmmhpmﬁ wm ymmmpnfl reckiag. a t hr eaded

‘post whjsCh eNngag{Sng iustrated embodiment, a pair of spring guides B84 and 665 extend along an axis which is generally

perpendicular to the direction of travel of the platen 630. The spring guides 664 and 665 comprise a metal rod

having a tength within the range of from about 3 inches to about B inches, and a diameter from about .125 inch

to about .250 inch, aithough variations will he readily apparent to one of skill in tha art.

* in an embodiment in which the spring guides 664 and 665 comprise a uliitary or sepmented shaft having

20 » continuovs thread extending throughout its h_mmh. 2 tbhular sieeve may be conveniently disposed over the portions
of the threaded shatt which will slidably carry other moving parts, as will be discussed, Alternatively, the spring
guidcs'664 and 665 can be constructad frnm a generally smoath rod, having a threaded region only on the distal
ends thereof for receiving a nut 670. _

A spring stop B75 is carried at either end of the spring puides 664 and 665. As will be readily apparent

25 to one of skill in the art, any of 8 variety of means can be utilized for retaining a spring under tension. For example,
8 nut or nut and washer threadably engaged to the spring guides 664 and B65 is convenient, both from a
manufacturing standpoint and due to the ability of the manufacturer to adjust the spring tension by simply rotating
the nut. To avoid rotation of the stop 675 on the spring guides 664 and 665, epoxy may be used as will be readily
understood by thoss skiled in the art. _ _

30 ' in the illustrated embodiment, a spring stop 675 is provided on each lateral end of the spring guides 664
and 665 for limiting the expansion of each spring 680. The spring stops 675 ganerally comprise a radially sutwardly
extending annular flange 877 and have an ipamm 678 extending therathrough for recaiving a threaded partion of
the spiing guides 664 and 665. The spring stop 675 also has a cross-sectional area sufficient 1o imit expansion
nf the spring. The spring stop 675 is preferably provided with an axially extending tubular sleeve 682, which in the

35 assembled pump extends along the spring guides 664 and 665 and within the spring 680. In the illustrated |



conplenmentary threads in an opening in the top of the punp housing, so that
rotation of the threaded post draws the post axially through the
openi ng of the housing. First end 292 and second end 293 of first segnent
290 are 20 prow ded with an enlargement such as a disc-shaped stop, for
reasons whi g ﬁ speen previously discussed, for EPEIEEP 104400
connecti on vmth the enbodinents illustrated in Figures 25.29. Simlarly,
second segnent 291 preferably cogprises a tubul ar el enent anal ogous
in structure and function to the segment 260 illustrated in Figure 25. In

ei E her t enbe.ﬁhoglmm the BIGHE 687 ha:ﬁntbfﬁhl hRddy cnﬁlﬁlenﬁhtﬁr?fnﬁlﬂlttmé& ofi e wﬁﬁmmts skﬁm 665
retracting an raj ni n e pla uch as on . artia

i ndent i nggt“h’é""ﬁgdﬁ AT%}'(SW g'ﬁb’""!ﬂnef"? Eﬁé“ éﬁ)arent toyt hose of gkl N nyt he art
in view of f t hﬁ dlla?] eﬂeﬁ\cﬁiu mom:crne(nuzn iﬂnos&gedl the spﬂ?\g stop 875 comgiriset €hé rindlgy flinge mgwm 32,
rotation of ,the t a af t raws the, platen n '
provi ded b§"b ular Sloave E&t d‘%’p&“ﬁ"&"' 5"“51” @8% "'KP\ %’ﬂ'gﬁﬂ 'h@g 'T’ﬁl’"é'i'@ﬁe'(yl ’Q”Efmf | uid
medi cathi on tiveadpd nitrseciaddiedtly dsthe sprimgchuideyiBBACSnI B8R |, In thivomipdimént, Siprintengbthread on the are
|1 ustrategq, uﬁ‘m Eisoﬁxﬁ tﬁ%&dnroﬂag ﬁk'%‘éfi%ﬁ’;& siof¥l ¥ '§ ruﬁeéslsﬂf‘a@kﬁgddﬁ m?fil?n Jf&es‘ IR0

five or nore I'ngs can re gn of
the prese nuhrqadedmislcmmm from a manufammu standpointiit ddsdeuw perslt leterg) Gngthoai this aprinpyuidese d

usi ng any %ﬁdﬁﬁrhﬁi&hymﬂa "'"mgﬁ‘?ﬁ'?“""‘ﬁ“ a8S an allen wench, a crank, 30

a rotatable nut, an electr or others as will be apparent to one of
skill in the ar fhe springs 680 are compressed batwoen the speing StoenfIS avd twp @ stapsrfizhmnd 623.

|11 ust jpat eg, Mmﬁbﬁﬁ&ﬁteﬁn ﬁ&m?@ﬂﬂ%&%ﬂ@&#ﬁ@mﬁ bhﬂ%ﬁt&ﬁtof shpfoRnbedy 060 inth! Eower

range, depending upon t desi red vol une of nedication to be infused in a
gi ven di sp&ifrelars e as (67 @"h%"ﬁﬂe‘l“l""&ym“" preload.  considerations that will

be apparent to p@Rrabl, the Kirihgs GﬂmhaWﬁpﬁhﬁ &ons:mwmﬁnﬁhrraha of Imu\warau mmaﬂcmocdnness
of the pu to the axis of th

I |
spring is NBF @?’é’f’gﬂl"y’"?\ EP'WE%@'F I"ts bﬁllt" wpproxmatey J- %Qg U'Fpﬂp"g“b'f’ EResY | 35
W t hi n a r atagendcspproximately 8D incliss ldng 4 its hihedmprisad stae, showd inFigarn@d) el S0rinctain diamster.

ermbodi & nt Tﬂdsﬂlg thm Lx%i trdvéi 5F ngp&ﬂa}s Rpéxlﬁaﬂﬁ r‘bll m*lh Eslﬁnaan the cnmprasssd state as shown in -
- Figure 83 at the heginning of the dispensation cycle and the state shown in Figure 94 at the end of the dispensation
cycle. Dependinp on the spring constant chosen, the d:spcnsatmn cycle can vary from one ha_lf hour to eight days.
These dimensions correspond 1c 2 pump for a 100 cc medication bag. For larper or smaller medication bags
dimensions would vary as will be easily recognized by those of skill in the art.

20 Moveable stops 621 and 623 function as madial spring abutments to mechanically fink the medial travel
of the spring 680 to the linkage assambly 620 and platen 630. Referring to Figure 82, the stops 621 and 623 are
generally rectangular in exterior configuration with a semi-circular cut-out 661 on the interior side. The cut-out 661
‘may have other configurations as long as the 'smw 6;15 fits thrbugh the stops 621 and 623 when the stops 621
and 623 are in contact with one another. The stops 621 and 623 also contain annular or tubular recesses 662

25  which do not extend through the antice length of the stops 621 and 823, The springs 680 fit into the recesses 662
in sach 'stnp 821 and 623. The stops 621 and 623 also contain openings B60 through the center of the stops to
allow the stops 621 and 623 to slide axially along the spring guides 664 and 665. _

Each moveable stop 821 and 623 may comprise any of a variety of dursble materials such as aluminum,
stainless steel or other metal known in the medical device arts. Preferably, however, a strong lightweight plastic

30 material such as Defrin, available frém DuPont is used. Polymeric blocks or coatings are preferred, due to their
ability tb shide relatively fresly on the spring guides 664 and 665 when biased by the springs 680.

Each of two opposing sides of the stops 621 and 623 contain an aperture 586, The aperture 686 has
internal threads complementary ta the threads of a pivot screw 6BB. The pivot screws 688 are threadably engaged
to the stops 621 and 623 via the aperture 686.
35 Twa link arms 680 and 692 are pivotably affixed to oaﬁh pivot screw 688 at a first end thereof. The link ~

arm 690 is connectsd at a second end to the 'connactb_r'bar 625 which is connected to the cover 602. The link
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-19- - medi cation bag. In this enbodi nent, the distance between the

retracted platen and the base is preferably about 0.6 inch, to
perm t sufflcwggﬁsﬁar ance to easily install a medication b%rr/usg'”o“m :
Preferably as di'scussed in connection with Figures 27-30, the edge of the
platen is visible through the ~ opgfi ng 294 or other w ndow to
permt the user to assess the ramaining fluid volnme in the medication bag.
S am 69738 eénfdziel Rks Seontl BIR tOhéofriderbr 'Bar(lﬂﬂﬁlrchlis&onnfcﬁ@ tol the! phatent 630. Tha fink

i ntroduction of a nedication ba zin al ternativel égﬁhed
through any #m 880288 ﬁséthmGF"WHg%ﬁﬁ? foratigh which Js, p-pispof “9?@5“%“””5?‘"5%3‘%% '
referring toakticgs) Tgethdrd thafder link arms 580, 6925894 dndNEBBori Sn ﬂi:ﬂbbhdﬂdslﬁnpmﬂumlvﬂﬁ bei ft

posi {1 on Lo et beersof Sl bahete: Patmedy. st Sist e APt By o ff G e
enbodi mest , iwilicof eoveable[stops/A24 erdl 623) @s showmioFigre@2eumatic cylinders 296

for, advanci ng e lesh 6o B il sy Noadl a0 W kS i of i B6 w9

297. Pneumatic cy ﬁ’a‘&r y Conpri ses R e
defining a cmmuuanm thia aerer/§82, &tlnﬂirmﬂﬂ Mthmmbhfémhlalctmm%n aéﬂtbd sprjngs 680

S111dabl y i S RRE (i Vbl iindal e B 6 5 1 pH O 63 b PN

of chanber nmecha
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Known = 49 10 movefirtiidaphst. nﬂ.fnuﬂrm.p&éaﬁﬁummufemmwsﬂwm@u S8RMitthOthiO&E the ¢ NE
novabl e wal | 300 and housi | east _one port 303

i s provided Bk 'F'H@W\(?ﬂ%lsﬂ‘b "%5?5 o harRiatn 830 throuph hebey ’f%”cﬁ%ﬂ'ﬂ@fu 28y sprjng, force
operation,  domponent tﬁnsﬁi&uf by EtheOtink @rmip 1BSC5 B0, 684 Ghd 686 € thi platenUB2D idfaasds fhtobighslt e

i | f
ohanber pzSSe@w'&Ewﬁé’ EFPH 1 P et ER{th i, s it S g, s s to iy 3, .o

resulting fr adbstantishy mtmudmmmrmng$msum until the meditbfion bag 648 is substantially collapssed, dsrshown

preferregd e"’R#% r'.?"éi‘t H.crLa"s‘fn"g B 1olR EoufRBNT W B defsatoN tych 0% 'shwfr SdveTh BxpBingat 25fk 3,

Thus, for exa
genmtes ] substanttaliy constant output fluid prossure. A constant fluid pressure is highly desirable for dispensing

a variaty of drugs such as chemotherapeutic agents, As discussed abovs, the present invention preferably has
dispensation cycles as long as eight days. During an eight day dispensation cycle, one drop of medication is
dispensed approximately every 12 minutes. The ability te maintain a substantially constant output fluid pressure is
20 critical in sustaining such a steady flow of medication aver an extended time frame. Importantly, the force dslivered
by the platen §30 ﬁu the fluid delivery bag 540 increases through the dispensation cycle resuiting i a constant flow
rate of medication fo a patiant. _
During the dispensation cycle, it may be desirable to know the amount of medication remaining in the
medication bag 640. As shown in Figures 95 and 86, 2 Jevel indicator is provided on the handle 610. During
25  medicine dispensation, the handle 610 can be inserted in the aperture 614. As the ﬁ]ndicine is dispensed from the
bap 640, the platen B30 and the bolt 645 will move into the chamber 646 of the base 804. As 2 vesult, an end
899 of the bolt 645 is lowered in the aperture 614, The leve! indicator 697 is calibrated to show the amount of
medicine left to be dispensad. This amount is determined by the location of the end 699 of the bolt 845.
Figurs 96 shows an alternative embodiment of ihdicating the tmdicatin.n level. In this embodiment, an
| 30 - indicator 698 is placed on the face 619 of the base 604. The indicator 638 can be embodied in many forms,
including affixing a sticker to the base 604 or incorporated in the injection moiding. As the medication is dispensed
from the medication bag 640, the platen 630 moves tﬁvmd the base 604. The remaining fluid Jave! is determined
by viewing the location of the bottom 635 of the platen 830 against the indicator 588.
in operation, a full medication bag 640 is attached to ﬂle patient by means of a catheter or intravenously
35 via_ the fiuid line 648. The cover 602 and the base 604 are separated by turning the handle 510, thus drawing the
~ platen 630 into the base 602 and shidably disengaging the cover 602 and base 604. The patient inserts the



is disclosed in Figure 35 a top plan view of an infusion punp having seven

pneumati c cylinders 296 positioned about 20 t he perm phery of a
medi'cation bag. To facilitate retraction of the platen by infusing
pressurized fluid or gas through only a single port 303, each of

the chanbers the pneumatic cylinders 296 are in commppd. H,&Qm,v\nth
each “%g%q'ﬁeérﬂby way of a flow path 304. A

accordance with one enbodi ment, four pneggratic cylinders 296 are prow ded,

each having an internal di anet er of . about one-half inch. This
provi des a gydicdtincag 84050 ﬁﬂhd@ﬁbﬁ%ﬁrﬂ%'mp&ﬂppﬁfs ﬁﬁ%oﬁ:ﬁdﬂ%ﬁ 643Yand &9%@& 25
inches per pneunmatic cylin a total of guare inches
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provi de the tP' rC’?"ﬁig{iﬁﬁm‘é%’k‘?}”{ﬁwfﬁ&;’“@b Ita? n against ‘the spring bias.

Thus, refer ose a top plan view of an
embodi nent  of tmtepa!lemslmdwatlwe fispensed, the atiend may remove the handie 519| fromothe kandiessordon r
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accommodate a nmedi cati on bag 3
ampty matlmmn bap 640 is removed from the base 804 and the pump 600 is ready to repeat the process.
Numsrous varistions and modifications of the _mvmmn will bacoma readily appnrent to those _slullud in tha
15 art. Accordingly, the invention mey be embodiad in other specific forms without dnpanim'from its spirit or essential
characteristics. The detailed embodiment is to b considered in all respacts only as illustrative and not restrictive
and the scopa of the invention is, therefore, indicated by the appended claims rather than by the foregeing
description. All changes which coms within the meaning and range of equivaiency of the claims are to be embraced

 within their scope.
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may be utilized in acconplishing t Nent : of the

i nvention. |@odARgess! . the bl adder ﬁ‘p@igg e or nor e el pagabedasgoul ar
bodi es having a dianeter which is cientl inits inflated state
to provide a sufficient distance betweerggt he platen 310 and base 311 to
accommodat e ~the nedication bag 312. The axial |ength of the bl adder

306 wi || degremsimiipon the site of- the nmedication bag 5 cont enpl at ed,

h ith f h h bl d
R 8" i e, AR L A, BB e
general , t linerebsing épece on/said it resefvoibihmupbient o Bepérsation cyclecsabliplap codmeisings e

| ess conpressive forgqansﬂ {'ﬁ'&“ ﬁgﬁ"g&g'ﬁ"ﬁk“?f'?&“ p%‘,m&, require a | arger

housing as wll be appare In"the art.
Motive Force for fil ierfigst wikforisontattingthe 31gié respsvoir; be provi ded in any of a variety

of ways, utilizing eilh\Gi wﬁne@vﬂiﬂﬂﬂgnfﬁrst Ip&ﬁmnadlsﬂﬁéd oo %t ﬁﬁl% fofm Sal Blaber ¢ NE

fill port 308 can be provi connector or er conventonal
means f Sherebatweash pdaHspcaRs pesition relatively:elages it thy i"!ir‘f"h‘!dh a conventi onal

syringe having a vol urmnpma‘oi.hﬁanem mmg hfafskﬁman WReréil ﬁﬂd@«m&%msm achieves a 1N€

syringe may be fled with wat de d|n upaon the relative farce

characteristi cs Stptaqtig °%f‘%ﬂ?§’r"‘&ﬁﬂ‘ sa i ”"’"%';9?' 1"?1@"“”‘6“’?%@"‘146%19\" fli resgrvoir
clinicas settings sairseeamiliall moves toward Said Qétdnd psdiBibASE CONPr essi on system such as
is conmonly vaj l.abl e through.a wal,l outlet in the room
can b ot i zed 2 Al + A0 Rt pthgt M B e conersm e gopaonfra plafit ygpe O
conveni ent having fisead ekonih nppasingipivor mhsaumu inCar plahe exitandilp genenalpEerperdliosdar koythmcohd watid.

Referring t.o, &l Oidk fosn ngpo‘}%p thrb‘iﬁ& Iylnf G pﬁ&nl tﬁaﬁﬂ? ganJr B@aﬂl tp ﬁ!ﬁp Wﬁl.n %"Png‘fs the .

i nf usi on punp 1 n accor I nve _
enbodi ment ,leastcna sting ifes hissinp at ipast qoe dtmwdsnhbwmm Iy peings towdsubeenﬂ@f. wherein

threadesl Keibvement of said thiedshd arsh pRRSRmP{oRiisbth 'ot‘ﬁur g&u?a? mﬁs@ and 3426hd Elbb? pﬁh‘{ & ridbd

t hi ckness of the infusion punp is mnimzed through the use
fol ding |i riwa from;eagh.otherothereby pdvancing the second wall towards the second position.
3 An infusion pump as in Claim 2, wherein szid compression means comprises 4 springs.
4. An infusion pump as in Claim 1, further comprising a retractor for retracting the second wall from

the second position to the first position. _ _

20 5. An infusion pump as in Claim 4, whmin said retractor comprises 2 first component having 3
thread thereon, and a second component having a complementary thread thereon for engaging the thread on the first
component, wherein ralative rotation of the first cnmpnnént with respect to the sei:ond tomponent retracts the

second wall from the second pesition to the first pesition.

B. An infusion pump 2s in Claim 1, further comprising an indicium of the completion status of the
25  dispensation cycle. ' '
7. An infusion pump as in Claim 6, whmip said indicium comprises 2 scale for evaluating the position

of said movable wall along its axis of travel,
8. An infusion pump for expeliing ﬂmd from a fluid reservoir at a constant rate by providing
increasing force on seid fluid reservoir thmughouta_ dispensation cycle, said pump comprising:
30 _ @ housing having a chamber therein for receiving a fluid reservoir,
a first wall for contacting the fhid reserveir; ' _ .
" a second wall movable batwesn a first posiﬁnn distanced from the first wall to form said chamber
therebstween, and a second position relatively closer to the first wall; and
a parallelogram finkage havinp first and second opposing pivot points lying in a plane extending
_35 _g'anerally perpendicular to the second wall, and third and fourth opposing pivot points lying in a -pléne i
extending generally parallel to the second wall, and at least oné spring for biasing at lgast one of the third



This Sheet Has B ed —
one oo AHIRIEE 5755 = oracicmae™ o2 ' "[IMIIﬁﬂIiLIIIIHIIIIIIIIII .

of base en:previously discussed. |In order to likit“tHe disfal”

travel of platen 316, sudh - asf. gn%g fpsgﬂ Is renmoved, and to
retract the platen 316 against the bijfas pr (ﬁ rfi ng 5
retraction-.a ﬁ-(ﬁ‘é?‘h ion structure 322 f TUSS7104400

Referring to Figure 42, the retraction ag@ retention structure 322
general |y conprises a foldlng | i nkage 25 assenbly 324. The |inkage

assenbly 324 per {ﬁh ioﬁnﬁ ubﬁsﬁg?ivﬂtpblﬂ(ﬁom?&&mﬁh vehoreil) inGihetEbY sald Mfbkd %%uﬂlﬂﬂm@nﬁfs al
end 326 between a first position in which proximl end 325

di stal end 32 arEWaPsARebpthan,Eauses b‘y’ fisst (3pd-teeopdopivet ppidk to move away “Hﬂ)!?‘ﬁﬂ%’d?“&'?h&nce

and a second pOSidw,,%ﬂ,gl}gmwﬁhlmﬁﬁmmhnmﬂmﬁZS and di st al and 326 are
spaced apart by a lesser gk In the

enbodenent i | | us¥r at eBp iipsiorpypg,agin ""q'P"PPk’é{'g‘é'd linkage. cpprises 43B0S or ovi ded Wi th

a first ssegment 27, Afnfusion pup beCiNCIisn 8, Firthericomiplising § REAtieldr ritactinfithe fEdd iildiom end
325 such as_ by a,pin 32 The..di stal end of |inkage 327 is provided

wWith a sip }hb}/’ﬁ‘l"dg"é é&?’FB"ﬁ'Wﬂ' a second |inkage 329. The sip joint
connecti on is conveni Wfbwnmmlﬂmmm»n said retractor Fompriseschi firsy campenent thavinp @

he- i ot aEeloresh 3o tofref i Blpioeith A "y ona 3 e O

the slot, t omgmmine iwhetpin Felative nammdrmsfm Isompgnent mm tespagscb the isesend mmm fﬁﬂm the

pin forypre fromthe slot. 35
The second %/B?Jr;ll gg@"’@g@o’y pig'roﬁe{aaﬁ?ere}t::gﬁ%t ably connected to the platen 31B,
such as by provithng &pinfusion pump ap n Siaj mnyermemmmyww ghhicoppietion,Batyy of the

316 for pivglakdtsh §8029i Ng the distal end of .the second |inkage 329.

13. An infusion pump as in Claim 12, wherein said indiciom comprises a scale for evaluating the
posmnn of said movable wall along its axis of travel.
16 - W An infusion pump as in Clsim B, wherein savd peralielogram linkane schieves a substantiafly
constant flow rate from said fluid reservoir by increasing said force applied to said $luid reservoir as said second wall

moves toward said second position.
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-21- Preferably, this enbodinent is provided with a

t hr eaded pl ug at the” proxrnal and 325 of folding |inkage 324,
adapted to be re ed withisr a key 330, as has been di scusskerigy7/04400
connecti on mﬂ?ﬂ %ﬁg%tous enbodlnents ' Alternatlvely ot'her
retraction structures such as a | ever can al so be used in the present
enbodi nent. One function of the li/MM&age 324 in the threaded plug

enbodi ment is to resist rotation of the plug during rotation of the key. 5
Thus, ' if an alternative to d.such as a nultistrand brai ded cabl e

is,used, some additiona eq}gherlng structure shoul d be provi ded
m ded praeg

to resist rotation of 2 In use, the
3330 aWw] W thdrawn by rotation of
N 316 to\the | oaded position. Wile
the platen is being retract ; g e springjbias, the first

li nkage 327 and se bond | i nkY RASS e ext endgd to their axial limt. 10
After |nstallat|on) ‘ 9 '; I's renmoved by reverse
rotation with respg Al the linkage assenbly 324
can be coll apsed bg - :'rated in Figure 41, by

to the h0u5|ng
T}to the housi ng,

pressi ng upon Al 7 #rably, rel easable
retention structuraéd | OV T £ 1 [ he proxi mal end 325

Wi thin or against tWQeN& ' g put er i | g of the punp at
a mni mum during the\dl Neasat | - ,g/ For/?izghl , any of a
variety of recesses anQy St : "x;-' bet ween t he .proxi ma

end 325 and the 15 UET C ®hi ch take advant age of
the plastic defornablllty of et T |als of tRe hou5|ng '
In accordance with one enbodlnem:éﬁ this aspect of the present invention,
the |inkage assenbly 324 is 29 bnzzgaeed so that the maxi num | ength
bet ween the proxi nmal ¥ |s about "1.0 inches. Thus,

. a coil spring having a ; |1 be permtted
to expand no nDrel?h&ﬁ ength by the end
of the di spensatiopz, cYK n punp 314 will
have a thi ckness

‘. °FIG.2
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20 of no nore than about 1.2-1.6 inches, so that the collapsed distance
bet ween proxi mal end 325 and di-stal end 326 i of |inkage assenbly 324
is within the range of fromabout .3 to about-:'5 inches.

Li nkages 327 and 329 can be manufactured in any of a variety of ways which
will be well wpQwhssp those: of skill inm the art. ForpeEprasmioeioo

| i nkages 327 and 329 nay be pressed or stanped from sheet netal stock, such
as alum num or stainless steel 'and thereafter-drilled or punched with the
~appropriate slots and pivot holes, or may 2 be nol ded from any .of a
variety of plastic noldable materials having/gufficiant strength for this

I nt ended application. I n one enbodlnent of the invention,
| i nkages 327 and 329 are punchedOLRSO?8 (? hi ck stainless steel
sheet, with a width of about20.25 ihchds g;4lof about 0.6 inches.
The‘axial | ength of the slot S, and pivots are
formed using rivets, screy e =% In an alternate
embodi ment, the first and [ nected toget her
wi t hout the use 30 of | 115 0 oW pis may extend pivot
331 (Figure 41) farther i P ”: i 3§%[

(Figure 42) when the 3% at /s in a4 retra OS] 111 he proxi nal
end 325 of linkage 324 sed_back _ — -1 nsi de A38beyisi ng.
Dependi ng upon ot her desi e arqr o = r ? the enbodi nent
of Figure 42 may 16 ' ' I% ¢r diameter
spring 320. As a'further al&rnativl, the | nkage

connection conprises a.unitary link 327", as illustrated in Figure 43. 35
As will be apparent to one of skllléTVSShF‘g the outer profile of an

I nfusi on punp having the |inkage 32 ure 43 will be -
relatively larger than an enbodi nent having a coIIapS|bIe | i nkage assenbly
ln addition, conpressive force

' SUBSTITUTE SHEET (RULE 26)
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-22- such as by the patient upoh THISe SHRETHASBERN,

g 325 in the

enbodi ment illustrated in Figure 43 will|be addiRlAGEDto th

P spring

force, and pot gpbbpidsys cCause changes in the effluent fluid

f | QMerdoR0ssddIUS,

this enbodi nent, although relatively Si rrp%Mst o manufacture, may be

desirably utilized only in circunstances
conpr ession issues -+ are not of copd
f oregoi ng desi gns have been d;};r jened i
~relatively constant output ' i
cycl e of devices incorporating
prestressing of the springg gouf

he outer profile and

The

eri#&r to produce a
e di spensation
P¥QN Wi th reasonabl e

over the

di spensation cycle as theﬂﬁgii e cont act
area on the bag changes. oVi pring
const-ant or higher pret ensSnQy {0 Jorce and
endi ng force throughout a difip®Satio 770t 10
appreciably flatten the output force or CegQ$s N y e.

In a test where the internalgpre sg;e of th S\ fintai ned at a
constant 5 I bs./in[err] whil Eﬁfg ontents > gddel i vered, it was
found that the force applied fo the bag needed to be increased from 24 |bs.

force at the begi nni ng of the dispensation cycle to 40 Ibs. force

near the conpletion
Thus, in accor dance %y
is provided an ele
distal travel of tj
profile.
t he platen changes
di spensati on cycl
di spensation cycle
bet ween t he comrencent and end of the

declining drag provi dedibyat he drag el enents co e st
spring force throughout tﬁgldispensation-cycle q%igg?q}

further aspect of the present i

ce &4lattening of the

t he di spensation cycle. See Figure 60.

ag on thegdistal nmovenent

; f
l cont i nuoud o\ ' i'lon or ally of . tME Y€
having a i \\\._ " t he nc ggb
d reagh : at So poTi
—

spensation cycle. Preferably, the

nvention, there

20i gty oducing a drag or resistance to

out put pressure

he declining

1"z
o ! L1 /40
126 i TRE=Tal 114
155152 g1 el BL_ 207 cne
{20\ , ' JV}.
=~ ) [ X '
= 4

154 - ne 124



20 in a manner that produces a substantially flat net spring and bag
contact area and force throughout the dispensation cycle. O the
two, the changi ng bag contact area is a greater negative influence than the
declining spring force. _ Thus, referring to Figure 44,
there is discl gp i nfusion punp 334 having one or nore SRy for
bi asing a plaegﬁggﬁggﬁgainst a nedication bag 340. Platen 338 iIs ppgeﬁhed
with at | east one drag el enent 342 for contacting a friction

el ement 342 throughout at |east a portion of its axial length of travel.
Drag el ement 342 can 25 ~ be provided igyvgny of a variety of fornms, and
can extend radially outwardly wi-thin the plane of the platen 338, or

be spaced apart axially fromthe pl ape of the platen, such as is
illustrated in Figure 44. - In the illustrated enbodi nent,
drag el enent 342 conprises an axi gad) extendi ng support 345, having a
general ly transverse el enent 346 gtrtiasproxi mal end thereof. Elenent 346
engages at |east one friction suf 344, which, in the
illustrated enbodi msntﬁ", r anps / i Ty away from el enent 346 as
the el ement 346 30 ={ravel s & > ",'3n. El ement 342
preferably conprises g i1 e ERDW YA R ANber or ot her

el astonmer, such as ng4 2 7/ QRO and surface 34
can take any of a vgx} -¢§¥1 e, in the :
“illustrated SRITMLEM he shape of a
circul ar di sk, extgﬁdi ng wt $ @#&%ﬁ'ﬁd‘a ly shaped _
~wel-l having annul ar surface 344 @ e;.:ﬁﬁﬁhg"ﬁ- el . Alternatively,

surface 344 can be provided on ﬁ BO0F rgopposi ng sides of a
bilaterally symetrical el enent =34 'ﬂ$ ' aten 238 in the
proxi nal direction : ald =

N<

FIG.84

“154
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-23- forces el enent 342 against surface 344, to provide a
relatively tight fit, which dissipates as elenent. 342 is drawn
axially in the distal direction. Jw I N a si mplorfusgT4400

enbodi nent ,waﬁ,shggt,eri or Wa‘l | of the punp housing is ranped or stepped
slightly inthe radially inward direction along all or a portion of
its interior circunference. This ranpgy45 stepped regi on extends 5_
radially inwardly in the proximal direcCtion, so that the small est
cross-sectional area occurs at the begi nning of the | spensati on

cycle. At that point, the radially r—egoe of t p{g%ﬂn 338
frictionally engages the st o TR de a resistance to

di stal travel which '55|:4f§5iﬁii?"Aqgo 3 poi nt al ong t he distal
| %% .
travel of the 4% 7 Sz al, in a stepped

friction surfacJQNﬁn~b hout no nore than
(e ', ’/“‘éi g

about 10 the firgv on ¢l . However, the

extent of friction desiregy of the
di stal edge of the g
amount of prestress,
for any particular gmy
ski | | ' in thg 3

enbodi nent of the pr danstructed as shown
in 15 Figure 44 ithin the infusion
punp, and the ch g, as
wel | as the dragf'a { h 10-cc
I ncrenment of fluid are '
obt ai ned: \\vl)’fABLE
1 o fill 10 dr ag
nt change w o
drag el etment vv/FII@ntg w drag el ement
178
182
764 > AL
e @ z@___J N
;‘? 2 NJ 784
IR a_ » N—=2—N_ ;55
770—8 @ > N—2—1 "/
£\ e 2 N 786
/)3?"’/& \ 790
N ™ N 168
780 N - __;\/, 3 — TO PATIENT
" o R - '
&;\ ARV EARRARLERNS \\\.\ /5’5 769
176 174

FIG. I0
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50 m 40 1 bs. : +8 psi : -13 | bs. 0
5 psi _ 40 m 39 | bs. +7 psi

-11 | bs. 0 ~ 5.psi 30 m 38 | bs.
+5. 9 psi -8.8 I bs. 0 5 psi 25 20 n
37 1 _bS. WO 97/34651 +4. 4 PSI : -6.4 | bs. 0 PCT/USY97/04400

5 psi 10 rﬁ - 36 Ibs. : +2. 4 psi

-3.4 | bs. 0 5 psi 0 n . 35 | bs.

0 psi 0 1lbs. 0 6/45 5 psi

In accordance with a further aspect of}&be present invention, there is
provi ded an indicium e Sgpatus - & of the dis sation cycle, which
oG T i

can be readily incor o any of |the previgasl'y di scl osed

enbodi nent s. Referring t ' : jsclosed a fluid
medi cati on bag 348, positiaq a

350 of an infusion punp. - ' 350 _
conprises a transparent ndo 5 a5—88 onaff)or cl ear
pol ypr opyl ene, or ot her tert | —55 SPO bet ween
t he medication - 34 plaren 349 —tgra rang 454, which
w || be discussed in deppll i _ — tenf§49, or a
cover for the platen, i rov 'dﬂi7n‘ﬁ1ﬁﬁﬁ—62§€f ds ol 356,
such as an Ein ati t@.—__The enbos : S ef erably
rai sed fromthe planar fac en the
medi cati on has been ful ) mbol 356 is
pressed by the 10 p : i nto the nmenbrane 354_4 ol 356

enbossed on the platen 0 \:éible t hr ough~N he wi —35% | T
the base 350 of the inf SRS AR B - Q L may
conprise any of a variety of |\ materials duch as rubber Vor silicone.

Menbrane 354 is preferﬁg%y as a fABckness wit AP the range &66f rom about

N
\\\C
——2 N
2 —a___ : 2 S?

@ L/
— — \7

./ — —") NA

o — :

AR \l\\\ ALARATARARAT AN

/ 766 76 14 784
760 -
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- 24- . .020 inches to about .030 inches, However, the thickness of
t he menbrane 354 and material can be varied ' consi derably, depending
upon the nati%%ﬂgﬁnt ation in the nenbrane and conpressi bi lpctryusemneiaos t he
force due to the spring. The enbossed letters are preferably raised
to a height of about 0.04 inches fromthe surface of the platen. 5
Referring to Figures 48 through > there Vg4d scl o an ultra low profile
sliding spring ret92etqr bodi e gﬂﬂfacc%nce wi th th15
aspect of the presen‘?/idwen A 7 A DTS RO 3RO LA ovi ded *wi a
housi ng 362, having a\p

| g2 366 Eont &i ned t her ei @ whi w“""J’,\

bi ased in the

direction of a flg'y‘dtmmg 348 bg one or & g@ 64,
In the illustrated @y.-ginent,\%ggr coi l 4#ngs 964 are prowrcdry

havi ng a _ g‘?‘c 2l y coni confi gufation @bl that t @Jaxi

of the conpressed/spring i sAonre-than the di-anmsteOR tHE 10 Y ng
coi-l wire, as illé.trat e"jﬁ | gure 50. > pl atjgn 366 i s

retracted agai nst
‘novabl y di sposed
respect to the h

t hEBTLa5~From spring 364 by one or norR -\’:1 s [d74.206
al ong an inclined path such as sl RS
Sy~ 362, Preferably, at |east one pair of oppos

” . ; .

| overs 374 and 37BReQe provided, and, in the illustrated enpodtdpt, a

second pair of =¢s&§~: 377 are also pro iue‘{‘r’s%v ng to

Figure 49, |ever 9’"' ‘-\\\\ slot 370 formed in a-BogES® 362l ot 370
A };\\%.,.nn e u-A;‘-?}Q 9 in adjaxial and

3727 9%

isinclined fro ﬁ:‘ 0 3
medi al direction. A milarly. NP SRS AR A S
i's manner, the user can

i nclines nmediall ée the axial direction. Vé&¢&
place a thunb on |

r 375 and a f)%g.fi\nger 270
7897 ; y

R FIG. 14

798

796 ~ 208 E 270 -
797 /mﬁmmﬂﬂlﬂ?ﬂbg" F I G . /5
_ | | oy |

y

[\

® 7]
200 .
| @
7B ° .
‘ | ' ®
5 204
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-

NAN\N

ARNRRAMLN LR RN

\ 795 275
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on | ever 374, and Conpress the two | evers together to advance the platen

agai nst the spring bias. Inclusion of a mrror image pair of |evers
376 and 377 for traveling in corresponding inclined slots (not illustrated)
on the opposite si de of the housing 362, the anmount of force

required to bewgy@pikyd by each hand of the user is divided i npRadke 20
provi des a.nore convenient force distribution within the platen punp 0.
I n one enbodi nent of the invention, each of |overs 374, 375, 376 and 377

are separately novably nounted _ Wt hg #4Eheir respective slots in the
housi ng 362. For exanple, each lever is integrally nolded with or secured
to the - pl at e?BB6~and, preferab ovieled wi t h_a—b&2fi ng such as
a roller bearing (not illustxated) i ing ffjyoy during
reci procal travel within the cor i 25

Al ternately, each opposing nengd

the center of the device, to/

t her et hrough. For exgn® \ PS76 C g > Oposi te ends of

a single shaft, g%g%E_

366. This design sinpliffi}y N, , =
aspects, such as by elijm/aifdg t W ot i MO Rehery se\occur at
beari ng and or connecti\ng s 0 NIy kten 36613 The

unitary post can either 10 peh - Or
: , h#‘ t he| posts can
feen|insert ed.
o e—oephosi t e

renovably 30 positio
glyand 3 ar e

be renmoved fromth it N :
In the illustrated éifbod 1““"'fh{

ends of a unitary post,

el evational .view of an enbod
retained in the retracted posy

FIG. 16
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25- as for insertion of t

illustrates a point in the di spensation cycle of the embodi ment

S remai ni ng

Figure 50, wit{,d$8s

4%8$t

he medication bag 368. ngure 51
of

in position adjacent the ptaigsodsd.

Referring to Figure the nedi al nost extent 379 of the path of travel
for lever 374 is provided with a . detent 380, for renovably
retaining the lever 374 at the fylly retrasbedsgdSi ti onoggch as durin :
| oadi ng. After each of £H24 eve ,o-- vanced to ttf_ljéenyg
380, the platen 288 w emopty—retaineloin, Wis petract od .
position to permt insELitER oY ord-TrEedTTat Ty [Pag- 308<hebveen LRIz ‘
pl aten 366 and the  ba? : (L hi an be<&aezeupl i shed
in any of a varieygz fefeizy such as 404’
I ntroduction of ;;ﬁ \f?'g’ A a si@ openi ng ik he
housi ng 362, or. by&dro fng t a hinged bottom Wy _
‘whi ch can be opengffjt o i.ASErt e fluid mgdi ¢ati on bag @B8. Fol | oWNIf;
installation of t bag, each Lever 374 can }0 be advanced |l atg¢rajly
slightly out of tcorrespond g detent 380, so that t | ever 374 i85 no
| onger retaining RN ring bias {Thg_| ewelzs thereafter agy bk

R e

wi t hdrawn fromthe
reduce the peri pheral
the angle of the path of
enbodi ment is gover

or | ded at a fhi nge “pornt (%til

QI 1T e 0O _1hAe devVlice, =

nid/’ B}the angl e of
60 to abouw260 fromt

LS ed) to
ferably,
DPUSTT el

he slot ‘370 is within the

range of from abedf of the central 15
region of the platen 366. As will be appar to one of skill in the art,
as the axis of the path of travel of lev 374 approaches

per pendi cul ar to the plans 87 | atenf(f.e. approaches the |ongitudina

axis of travel
the platen agai

ﬁhe\p

64) ,

kG

ing bias dim nAs

t é@ever age obtained in adyarCig

This. Ln_ane nb’.!‘

sl ot 777

%,
7
%,

Yl
: 7,
%
Z,
)
7

7/ 00#
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370 could extend at a perpendicular to the plane of the platen. However,
the patient would be required to exert a significant force in order
to retract the platen against the spring bias. 20 . The | ower
limt on the range of angels between the path of travel of |ever 374 and
pl ane of plat, ﬁﬁ?s i s governed by several factors. p&eussioados
conponent of The pa‘”‘u of travel nust be sufficient to fully retract the
pl aten 366 so that a nedication bag 368 can be inserted. Thus, as the angle
decreases ‘beyond a certain limt, the 10/4%ngth of the path of travel
nmust be increased to obtain the same axial conponentggphereby requiring a
| ar ger outer : eri pheral dinensi of the device. In one preferred
enbodi nent, the hfu-fi& Sé!’uas a Ieng?%ﬁwbouﬁi nches 25 and a

e | u DI

t hi ckness al ong t ongi inal axis_of ryng 364 0.9 inches.

8 0 <1010
Sl ot 370 inclines at an ang] ’ 15[ Ppfded i plane of
the central region of thegpke th 0@ ab : nchgs.

In accordance with a furr ) reggént invention,

provided an i npr gx@s sprifp

Q) B ased ayveppus i ® usi on pufrf
. 1 . f . \',: . N
a parall el ogram "sckssor {ﬁ pe |inkage forpisee pisel i ng @oring forgd
nmedi cation reservoir. Ref At

)

% ing to Fgure
housi ng 401 which may be E% nmed as ag 30
nore detachably connect ed}¥0qQ
Referring to Figures 53 \
401 conprises a cover 402 ard—abasE A 04 —Eacihrol_the ¢
‘the ‘base 404 contain an annul SENARRRSAAIN RN NSNS
axial direction. Conplenentary threads aré_preferabl rovi ded on the outer
surface of the annular wall 442 of the base and i nner surface
of the annular wall 444 of the cover 402, to facilitate threadable
engagenent of the 35 cover 402 and base 404 as has been di scussed.
Al ternatively, the contactin

404 are provided OHQ
permt a press-anFM‘t =i R
_ 7

0 conprise

@referre

FIG.23 20 2#
ﬂﬂﬂ#/ya”””#
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%
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apparent from
402 and base 4
t echni ques for the

~Any of a variety of alternative interlocking structures may
be utilized for the housing 401 of the invention,
S7RL&Y1 ous disclosures herein.

are preferably fornmed in accordance with conventi onal

as w il be
PCT/BSE0a406ET

production of medical device housings, such as

injection nolding of thernoplastic or thernmpsgudSpol ymers. 5

Al ternatively,

404, annul ar wal |
chanber 446
i nf usi on devi ce.

442, annul ar wal |
for containing the functional
In the illustrated enbodi nment,

any of a variety of other techniques may be utilized,
i ncluding fabrication fromsheet netal
under st ood by one of skil

wll be mell _

I n general, base
444 and cover 402 cooperate to forma
conponents of the

~a platen segnent 410

stock, as
in the art.

i s biased agai nst a reservoir such as a flexible medi cati on bag 406 by

neans of a spring and |inkage assenbly 411. 10 .

Fluid bag 408

isin fluid comunication with the patient by way of effluent fluid line

448, whi ch exten
Modi fi cati on of ‘?‘%é
rel ati onshi ps bet ween

through the housing 401 by way of a port 450.

rt 450 to accommpbdate the vari ous
he cgggr 402 and base 404 wil |

nt to one of

b
LHbst r St 28?5

skill inthe art. Aflowre ulator (not o reqgul ate
the flow of medi cZBiddn i | Wi j . I n
general , the fluid beg gk 7 e f{ G2 s ce with
the present invent egm4re ‘thgqar galipt/ frjom aboggl [ 5, I n
di ameter to about che amet ey~ an omfgbout / hes t bout
1.0 inches thick. Rpever, sion p s {adippt¢d to r 5 ot her ze
bags can be readi ] i9¥ accorpanceg 7 /) .
. N ’ Py
20 ) A / /e ¢
.
\‘/ g A
N&EE - | | — =
VU -
AR AR KRR R R SRR RN ARV RN

249

247 244

FIG. 24
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with the disclosure herein. - ' Referring to Figures 53 and

54, the platen 410 enbodi ment designed for use with a 3.8 inch dianeter

one inch thick, 100 cc. nedication bag 406 has both a flat,

circular central contact surface 413, having a dianeter 20 wi thin the
range of fromal %@5654 to about 2.8 inches, and an annul ar rppguBSldsicen 415
whi ch inclines rom the reservoir contacting side of platen
410. The outsi-de dlaneter of annul ar ring portion 415 i's generally whin
the range of fromabout 3.4 to about 3.8 ingfgs for use with a 3.8-inch

di aneter flat nedication bag 406. Medi cation bag 406 is

approxi mat el y 3.?:715822225Ldianeter when full. The angl e of the surface of
annul ar ring [ 415 with respect to an gxspgensi on of the plane
of central contact surface 413 is 2e in the range 25 of
from about 10[err] to about 45Ier ?r p;ﬁﬁgrably wi thin the range
of from about 10 to about 30[err]. I n general the
transition 417 geen the - 3.and the radially

i nwar dnost ext ent Fagmi(ar ) QLAY ositioned so that
the circul ar centyal £éntact s@ e b ially c etely

covers the planar ion on t p age fluid nmegNkat i bag 406.
Referring to Figur , hedi ca 2] 6 co f 1a 82%rally

pl anar upper surfa ' ' ]  where the
peri pheral region of ag 406 commences devi ajyyon fr t he pl ane of
upper surface 409. ¢i» : As illustrated iWFi gu 53, the
transition point 4 n bag 406 s roughly coi nci t h_t he
transition ZT7OomThe-ptaten 410. Referring—pHg8re"s4, the
interior surface of tto | ate 408 is configured w a

conpl enentary nesti surf for platen 410. Prefer’ ly, laten 410
contains a guide 4 . Age p<r“1ing in the
axial direction for i ' ses the

nedi cati on bag 406 against 35 the base 404 gp,t he housing 401.

7, .
@; —®
- B4 -~ 268 I\
: N ) S 264
A Y
263

AN

SONONNN YN IININ S NN AR N TIN NSNS NSNS N
267

2607 266 270
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- 27- The platen 410 is biased towards the nedication beg
406 through a |inkage assenbly 411. In general, - | i nkage assenbly
411 conprises @p&. L nOre biasing el ements having a |ongitudi petasosiedsoghi ch
extends at an angl'e W th respect to the |ongitudinal axis of travel
of platen 410. Preferably, -the biasing el ement -axis exends

approxi nately at about a perpendicul ar t1@f48 axis of travel of platen 410.
As is discussed bel ow, |{he biasin 5 el fgbreferably conprises one

or nore springs having | east concentmic or parallel_ spring guide
such as a cent shaft_ob tubulg,_‘oveﬂﬁ 274 | gAhe
i | lustrated enbodi nent, “a—SPrimo_gui ot Zl4<qdnt ends al ong ap _axis which/is
general |y per pengl i edigrec tedil gl & bl SN oA SeA- gt e f ik < s “fat en

410. The spring
having a | ength
a dianmeter from

NP4
esa alley

and

variations wll d7

. PITLIIE IS ST I I IT ST IV 1Y
I'n an enmbodi ment QU iRt DAL 7o A T A 708 _
segnented shaft having a continuous t g throughout its

length, a tubul ﬂﬁem be conveni ent | 283 sppsgd oveP Phe portions
of the threaded ¢ 1] _

4‘ L =YAlAVAR-Tala P I M2l el e ==

Wi
be di'scussed. Alternatively, the spring
constructed froma generally snmooth rod, h
the distal ends thereof 15 for receivi
A spring stop is carried at either and of
-readily apparent to-one of skil

AT LN LT AT LS I ST LTSS AL ISR

as
&_Jr

ATLS S IVLI IS ITLI I ST LS PI ST\ KTLI 1 STLT S RIS 1S ITLI S LY 4y
A R e —— ;1 7 T 7 \ D '//-——"EV/}.’&';; ‘A

z, 7 7/ “% 2

FIG. 29 N
: 255\ _ 25&5 _ --—-’J . :
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o —100 — 277
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in the art, any of a variety of means can be utilized for retaining a
spring under tension. For exanple, a nut or nut and washer
t hradably engaged to the spring guide 414 is convenient, both froma
manuf act uri ng st andpoi nt, and due to the ability of the
manuf act urer WQophigsiSt the spring tension by sinply rotati ngcrigsemnedsoe 20
In the illustrated enbodinent, a spring stop 419 is provided on each
| ateral and of the sprng guide 414 for limting the |atera
expansi on of each spring. The spring stop 419 gb4gédl |y conprises a
radi al |y out wagdl ext endi ng annuld4Zf| ange 423, having an aperture
421 extendingdzglé;Lyjﬁﬁwethrough for recgivizgpa threaded portion

e

of spring gui 414. Spring stop 419 > s'z‘cross-sectional area .
t hrough a radi S HCTent Ao v T AT 77 7 RS Y ST 7 AT Spri ng.
Each spring st y provi th a ' endi/ng

t ubul ar sl eevey$l18 25 and 418', whi M the a expgnds
medi.al |y al ongf} he dé%r-'r-rrg—gu-'rﬂ@ A41&%0d St hin t he%ﬂhe
illustrated en dimggtg:tﬁg:itﬁgves 18’ h@zg:%z;gtgggathriads
conpl ement ary the threa prin 41 0 S re

t hreadably retpl n t@e spring—syppp 419 Njn plce. Q_ - | hlan
alternate enbof mrent (not TTTustratedIN th ring stop 419 conprifges_a
radi al |y outwapgl B nul | an jplly

ext endi Ng t UDUP BRSNS SiA RS P ANASRE 105 AETPOE BRSPS 2d e
spring 30 - STop 4I9 1S held in place by a rfireaded nut secured directly
to the spring guide 414 on the lateral side q% twardly ' ext endi ng
annul ar flange 423. In this enbodi nent, the i rnal thread on aperture 421
and interior wall of axially ext endi ng tubul ar sl eeve 418 is
unnecessary. Although the use of a lateral threaded nut is convenient from
a manuf acEerrestandpom——rt—ag(ds to the overall lateral length
of the spring guide 414, which nmay be unFasirabIe in a given

enbodi ment . _ (77 : :

WA

290

FIG. 32 |

'//7"({:7,7/ PLSASITLY IS S ?//7@ AT LTSAPTAA A LILS S A LI P ALTLS

I

DANN

A

SRS
SINISIS

ASE
SIS

VL Ll

\m L

ANV

WA LILT IS POLT I LTSS PTE IS ITLS S P T LV IS I LN TSI L YIS LTI I P s

~

FIG. 33

; / 7 [ PET I LTLEY IR PRPLF IS RDIT ISP ISIT //1'/’//)
7
r, '3
Z B A — = a. 2 Y
// A
1 e——op = © [
 a————, © [
s > Py
% = % %
] =& |
% . _ . N
A ) ==
s - .
L /////7///J////l///,’////Z’M/Z’/JL’//LZ’/IZZL?7IIWf

SUBSTITUTE SHEET (RULE 26)



VO 97/ 34651
PCT/ US97/ 04400

- 28- The springs 412 and 412' are conpressed between the“
spring stops 419 and two axially noveabl e bl ocks 420 and 420'. In .
~one enbodi MentyobhgesPr i Ngs 412 and 412" conprise nusic wre Ravissgodson re

di anet er. of approxi mately .085 inches. Lower dianeters such as
0. 080 may -al so be used by increasing the prel oad.

Preferably, springs 412 and 412' have a sprii§)§4Bonstant within the: range of

fromabout 80 | bs. per inch 5 to 130 I bs. per inch in a dual spring
enbodi nent. Each spring 412 and 412' is approximately 1.7 inches long in
its un- conpressed state and approxinately 0.9 inches long in its
fully conpressed state,éﬁg wn in Figure 53, aggg 12 . inch in
di ameter. The sumof th ial travel of spri 412 end 412' is.
appr oxi mately 0. _g ; NI RILIIIITL 7 3&znazan&azamﬂammnwmua .
Figure 53 at the 'Ng O 3 BN LYCle enge-he—SIaicgrnoph i n
Fi gure 54 at h ' on cycle. ¢ Z
Bl ocks 420 and 420" f —oniips ' ' abutnents %
rink the miedial IGavd of . i 1 5
and pl aten 410. ' ot SRR AR RS Y uruv &L e 4
generally recta gular'i,___"__ r figuration and contain an annd“&h )r*~¥
t ubul ar recess ; VE H et ide whi ch does not go t hr gjpgir=2
the entire axi als 2122 ' d 412'
fit into the recéss 7 ‘/”3fz'||’eabn U1ULR - 4 KL 20
and 420" also co ﬂé E\Xl al l'y % endi n é%eni ng through 15

| o

the center of t e bloc

/gz ‘%ﬁfbm?
spring guide 414296 ‘ﬂh&

of a variety of durable materials such as alum nium stainless

xially along the

Each bIock 420 and 420" may conprise any

steel or other nmetal known in the nedical device arts. Preferably, however,

a strong |ightweight plastic materi al

296 S04 296 296

f// D ITIIRILIII ST I TSI ITIALILN I TI ETITS I ITI T I IT I S
A .
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such as Delrin, evailable fromDuPont is used. Polynmerit blocks or coatings
are preferred, due to their ability to slide relatively freely an
the spring guide 414 when biased by the springs 412 and 412'. 20

Each of tmo_opposing sides of the bl ocks 420 and 420" parallel to the

spring guide foQpd,ai ns a bl ock pi vot 438. The rel airiR97/04400
posi tioning of pivots and corresponding recesses di scussed herein can
readily be reversed, as will be apparent to one of skill in the
art. Two link a nms 424 anqd are pivotably affixed to
each pivot 438 at a fir Li nk a4n 424 ' S connected at
a second end to an anchzryzgaoheﬁéi mhlc MBS nnect ed to‘f e cover 402.
Link.arm 426 is 25 ﬂh)l””l)””ilﬂﬂ”ﬂlilbﬂ”hﬂJli)"Mr'ﬂ”ﬂ”b
which i s connected t o/ e n'-ﬁ'Alll—mMDIAm.A KoX-W. X a
sci ssor-type conflgurytuum which is a mirror inmage of the conflguratlo* of
link arms 428 end 43044 [pgsther the four 1iok arge 424 426, ’
and 430 form andfudflape par al Leogram-+-rkage; be—tHde oodgay
one of skill Wn‘ he ary. Preferably, an |dent|cal par al | el og a,

| i nkage exists 4*& pbosi ngjvertical wall of blocks 420 andp
420', as shown i |o% }55 3P - Anchor pivot 436 is sefufpd
to attachnment 432, ddchd i s preferably flxed to cover 402. Platen pifvol| 434
is affixed to pLaaen at 440, which is preferably pivotably gitbehs

attachnment 440 is prcal i-d Wi th an upper cam shaped profile that is

to platen 410. In a preferred enbodi nent, platen I
shaped and sized to fﬁl ow t he| path of the |ower inside edge of eachl o

bl ocks 420 and 420 ﬁu ¥ abl e tam shaped : surf aces can be prg i ged
by either an annular ﬂdo s shap d—pleonnat 440 __or by _orowi-disg_oneA0r ﬁnre
general Iy 35 par Al. ’ ' T AT ’
profile, as will be ggp&&gnt to one of Skl|| inthe art. ’

of a cam surface whi df t r atks-the=path—ot=th Qe si=ee=aage=at=A heo

bl ocks 420 and 420' opRCRIEEZE U’ﬁf‘rﬂ’l.ﬂﬁ'ﬂ””””llﬂ”ﬂ””‘ TENIIID A /

I--—37

J06
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- 29- extent to which the plane of platen 410 is permitted to
deviate fromits normal position which is generally parallel - to the
pl ane of the Qaa%gg%BLate 408. Preferably, the outer surface piraiddfrosadon
shaped portion 0 chor 440 is sufficiently close to the path of
travel of each of blocks 420 and 420' so that the tilt of the platen is
limted no nore than about 5% 5 17/45 . As a further option
on the scissor enbodi rent of the pr ' ' Ld-| gyl 1ndictor
451 is provi ded. See Fi gur NN, or 451 generally
conprises a |inkage 452 which is pi ' © to a noving '
portion of the scissor assenbly, and al so uid | evel indicator 451
Level indicator 451 is preferably {1 nounted in a track 454
adj acent a scale Inot illustrated) and calg uch that the | evel
indicator 451 anjF%fG%e 3%(2 i ndi cate the [REMOL] fluid volune. 10

After a nedicatidn fhefe 4 as been insert i@foad he base 404 and t he base
404 engaged with the cover ' 402. t JengB$ 412 and 412" are at
their point of hiéﬁ@éi\gfnpression. As t Adilno®NA12 B8 412' rel ease
force in a direcion perpendicul 7] ial firections@% platen
travel, the bl ocks 420 and 420 R T O ead e oh_spring

- gui de 414, causing the/aREhal~ of nk arffg {424, , y 0
nove further apart in [ Z @ di reqtgQn. Thigpbugh this 7l sm
the force exerted by t SR L ' h e
link 15 arms 424, 49p, 4 he pléaten
attachnment 440. The spglng rce conponent transmtted by |

arns 424, 428, 428 andiA3 o the platen 410 increases throughouE)
di spensati on cycle ) \§:

‘S, /s g4 S, s’/ 7 7S, 944

. FIG. 4] 337 pre==mn -2 320
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as the tension of the spring decreases so as to maintain a surprisingly

substantially constant nedication output - pressure until the bag is
substantialy col |l apsed, as shown in Figure 54 This surprising result shown
in the experinments discussed infra is desirable in applications

such as i nfusiwo sehsgshenot herapy chemicals into-a patient 20 PCT/USHig4408
period of time at a constant rate. The .nmechani cal advantage obtai ned by the
l'ink arns 424, 426, 428 and 430 conpensates for the decrease in
spring tension and the increase in the bag #8ct area over the

di spensati on :

EXPERI MENT 1 0}2/.& l 2; 42

.Constructing the Punp A platen was constructed in

accordance with the enbodinent illustrated in Figures 52-3%, havi ng springs
412 and 412' conpri _ 73]
‘approxi mately .085 ) ' \ _ had an outsi de
di anet er of about \ roximately 111 | bs.
per ‘i nch, and were ap N/ 1nches long in the
unconpressed state and appr oxi ch long in the fully conpressed
state, as shown in e 54. e axial travel of springs 412
and 412 was approxi matel yN. 7 etween the conpressed state as
shown in Figure 53 at the begi N % Tspéfsation cycle and the state
shown in Figure 54 at : e dispensation cycle. The
springs were preloaded | o abouk$35; L-bs. each side, and wer e
nmeasured to generate a total s ng ¢ _ tééﬁo | bs. Bl ocks 420 and
420" were constructed from AT R availdg. from DuPont. The
| ength of each of the four r 0.8 jnches frompivot to

~ pivot. The platen ap ool re éﬁygtantially flat to
isolate the pressure effectps t b } Lagizg 35 assenbly.

/””’I’ ,/’/”//
_ 329
324 _ ﬂQ\
G326
e
] ‘ /
376

FIG.43 o

—
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| . | \
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WD 97/ 34651
PCT/ US97/ 04400 . _ :
EXPERI MENT 2 ' Testing the

Pl at en Punp A 50 cc nedication bag 406 was inserted in the
pl aten punp of %gﬁ:‘r‘kﬂent 1 and the output fluid pressure PCT/UsHfdabon €
nmedi cati on bag was neasured as the volune in the nedication bag 406
decreased over the 5 di spensation cycle. Table | belowillustrates the -
data accumul ated fromthis experinent. _ 19(45 : :
TABLE | Vol une Expelled from
Qutout Fluid FIG. 44 Medi cation Bag (cc)
Press urgi DS 10 . 0 '
50 ¢ S 6. 5 2 4s
5.0 1 ]
5.0 n é/.:
5.0 is 7 e ’
: 72% - é
5.0 g %) / ’,, @ 2
5.0 334 ' Z 17l
7 Q 44 l 535
g l 2 £ |
lmﬂ 1 ) L1t [ 117py
N =
A 75
Iy S S S, 'yl S S vy Yy \1
F40
FI1G. 45 556
/‘
x_/.3'4(.9
— S F4E5

7 7 £ 4 7,
L7777 7 0 7,00 7 T 7,02 7, 777 e e )
LSS S S S S S S TS S S SIS S S S

10 S L e Lt LS e L S \

J52
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10 . . 50

15 ' 5.05.

20 5.1 20

25 - : 5.1

30 | | 5.1 PCT/US97/04400

3B WO 97/34651 | £ 1 S9N

40 ' - - 4. 95

42.5 _ | . 20/45 4.6 25

45 . . 4.45

46 4.25

47 4.1

47.5 o F/G. 46 _ 9.0

48. 5 . 349

49 . / ‘ .
50 WW - The data
obt ai ned fromthe RGN AR e hi ch plots

er t he o
5 j%?%ssure

ustrated in Figure 57. Figure 57

out put pressure in U
versus the vol une expelled

AS TR W LA LW /A7 AN AMAS L Y e - . v
)

il lustrates the reparkably s y out put- pressure of thg nedication
contained in nedicgﬁion bag 406 during the dispensation cycle produced by
the platen . Yo 4000 T T CTTT—TtT— T Tt/

P 47 | 47
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WD 97/ 34651

PCT/ US97/ 04400
-31- EXPERI MENT 3

100 cc Vol une Test : I n Experi ment 3, the 50 cc nedication
bag 406 was r ith a 100 cc medication bag. The P@gggg.,;ﬁmt
conducted in &b@?ﬁ%m 2 above was repeated and the foll ow ng data was
recorded. 5 ' TABLE I 1.

Vol Expel | ed f 21/45 Qut | ui d
I\/gd?ggtiogeBag (CWG. 49 372 62 PreSSLp#é; (OS: 2
g : [ 5.1 10 ‘.
10
20
30
40

375 A —X 7

366 380 379 377 4
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15 ' 50

4.55 ' 60

4.4 70 -

4.2 _ 80

3.95 | - | 90 7US97/04400

376 20 - WO 97/34651 | 95 _ PCT

3A 99

2.9 . 100

0 Figure 58 illustrates thepo t pressure over the

di spensation cycle. Figure 59 illustrates the" percent change in
pressure over the dispensation cycle. 25 I ncreasing the vol une
of medication in the nedication bag 406 from50 cc to 100 cc remarkably did
not . dramaticaily affect the change in pressure over the dispensation
cycle on the nedication bag 406. - Referring to Figures
61-65, a fluid container 500 is p¥povided which may be readily used with any
of the previously discl os%d enbodi nents of the platen punp.

Preferably, the fluid contai nerd500 consists of a collapsible

“medi cation reservoir or bag 51#"in fluid comunication gith an effluent
fluid line 530. The effluent ¢luid |line 530 30 my Qoad to an

adm ni stration set 540 shown i* phantomin Figure 61. ¥ adni ni stration set
is also shown in Figure V- M-LE: ookl

standard PVC tubing gr other

Preferably, the nedi@§

513. In a di
"inches, the generall
have a dianeter in tA
~and preferably f&p

fully filed confNgyrati \

surrounds the cirs X
508 and secpnd surh

RECTIFIED SHEET (RULE 91)



fromthe plane of first surface 508 or second surface 509. Thus, transition
514 joins the flat circular central 40 portions 512 and 513 with
radial ly exterior-nost sloping portions 516 when the medi cati on reservoir

510 is full as- shown in Figure 62. WO 97/ 34651
PCT/ USQW 04400wo 97/34651 PCT/US97/04400
-32- - The radlally exterior-nost opposing sloping portions
516 are preferably joined at seam 520. By "seani the pr esent

invention also contenplates .the outer peripgw®wyag edge of a "seanl ess” bag
such as may be produced through any of a variety of nolding or
other plastic formng techniques knomn in the art. The
first surface 508 and second surfa ar. prefera fcn%md fromtwo
sheets of a suitably 5 bondéﬁ Es ticMhua teE¥ mhgch exhibits
suitable stability in the pr endt\ﬁﬁJ$ tended eNdli on. The two
sheets nmay be joined at sean1320 t/h e use of] any o vari ety of

j oi ni ng techni ques, such as thyr . N N bondi ng,
adhesives or by a radio freque Z Va ', tion

rd P
reservoir is constructed from R\ \n U S. Aequat e for
wn to those

s\\6

the delivery of drugs to a%atl._

of

FIG.53
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skill in the art are avallable and may- be used. 10

In Figures 63 and 65,
medi cati on reservoir

reservoir

sol vent bondi ng,
apparent to those of skill

510
510.

As shown -

the effluent fluid line 530 may be joined to the

_ t hrough the use of a radio frequency weld
or other bond at a joint 525. O her neans for joining the nedication

dﬁﬁ effluent fluid |line 530,
adhesi ves or friction couplings
in the art.

such as ther ngplerhptiedae
will
-Preferably,

be readily
t he

medi cation reservoir 510 shown in Figures $4/78% has a dianeter within the

range of from 45

n
ressi on nechani sm
F&g‘ood&nt of Figure

SUBSTITUTE SHEET (RULE 26)

used. For exanple, in the t hr edlded he
1, a bag having a dianeter of eruch greaﬁ?e@ifgggboumm
require a punp having too big‘h di anet er e . clonven| e
patients. O her conpression '
used with 5 inch, 6 inch, or | > 7 > e
20  of the bag is typitgal | WWovEFfEaHy-T e esis I
maxi mum desi red di aneter. N o For
present invention, the fluid ¢eptai ner 50 refér bly co
fl uid. Al t hough thgsejypl une® gied in the
I nvention, other sizes Q WN-u{di contgln easily
constructed using the d%%dFDSJ of th i pventi on.
size fluid containers are n{ gnp ed b this dis
An inmportant aspect of theMtprd.conta Slthat it
W t hstand pressures a liedtl it Byt h |t en pu
herein. Further, prefgfa y °quid"Go i 500N s rel
in order to mnimze ~ C ge p ot he
pl at en punp. Advant ageous\ e i s¢ g c rati o]
enbodi ment of the fluid cent r {00 XREP B ubstant i
pressure distribution throudRgut xse th
reservoir 510 and effluegt .f d i b h '
di scussed above, this 30% NLaT m r b ux{ o
bui | dup of Iocalized st&Fss' - H¢ e Tu
~ cont ai ner 500.¥ ™ ngf her{ a
container 500 is that a §]AfENIS/Of flprziCon
easily EQ IN _— _ Z T
3R (| 7P
AN AN TR D
$ cEsy N
N \\N
o N N1 N
o ~
N §S .
N
X
. \: .
N_]
R XN
RN
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about 3.5 inches to about 5 inches and a height within
the range of fromabout 0.5 inches to 1.0 inches. |
di ameter of the bag is influenced by the type of co

general, the.

Miches woul d
grasped by many
n be readily

t hi ckness
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| ons of the
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stored such as in a refrigerator in a stacked configuration. #urther, when

the fluid containers 500 are enpty, the vol unme required to di spose
of themis very small because the fluid containers 500 are flat and
fl exi bl e when enpty. 35 In addition to a fluid container with

a circular outgp.pLpfile, -other shaped reservoirs may be consicdpgso9mado
accordance with the disclosure of the present invention. For exanple,

referring to Figures 6069, a square nedication WO
97/ 34651 | Q 25/45 -
PCT/ US97/ 04400 \ : Y ' - 33-

reservoir 560 haviﬁ}
surface 563 may b
of the platen pu
reservoir, the tg
reservoir 560 h
portions 564 an E
hi gh frequency wel dXs y#g
medi cati on bag 560 Pb t R
Referring to Figures 70- N

(oA
provi ded. Further, a hexa&@:ﬁgaﬂa-
74.81) with a joint 562 {‘,Z))\
reservoir 580 Figures 74.77(L¢g/é

hexagonal nedi cation reservoRr

endal |y planar square top surface 562 and bottom
nection - with the various enbodi nents
M ar fashion to the circular nedication
and bottom surfaces of the square nedication
yogquare flat central portions, transition :
Yriof-nost sloping portions 566. Preferably, a
Yo seam 5 572 and attach the
BuorN fluid line 570 ges joint 568.
{ anond- shaped \i‘- voi 9561 may be
fluid g q ad 581 (Fi gures
t he sides of

medi cati on
joint 583 at o ers of the
(Figures
N

477

432

436



78-81) nﬁy'be provided. Referring to Figures 82-89,
nmedi cation reservoirs with eight sides 10

fluid containers

(586), ten sides (588),

sides (590) or twenty-four sides (592) may be provided.

a further enbodi nent,

i

for use with
the punp 600

the present
ul ar medi cation bags. Referring
es a housing 601 forned froma cover

havi ng
twel ve
In

i nvention includes a platen punp desi gned

ikﬂn@bﬂ&&ﬁrgo

base 604. The cover 602 and base 604 are preferably forned i n accordance

wi th conventi ona

technl ques for_ t he - 26 /4% oduction of msdl cal

" RECTIFIED SHEET (RULE 91)

devi ce

housi ngs, such ag : herhoe SRS pel Pers.
15 Al ternatively, any of a varlety of ot her technlques e~ utifl i zed,
including fabrication fromsheet netal stock, as Wi e welll
understood by ong¢ of skil in the art. A handl e storjage
recess 608 may b¢ formed in the cover 602 durlng fabricatien. As wljl be
descri bed bel ow, a handle 610 is used to raise ands|ower the g aten
in the punp Wien the platen is applying force to a nedifcati on
bag (not shown)’ jthe handl e 610 preferably separates fromfthe punp §00. The-
handl e 510 cg@hwb¢ 20 inserted into the handl e storage fecess 608, .
providing a Q_Bvenient | ocation to store the handle 610 en not in
use. Alift 509 may be included on the ‘handle 610. The |ift t ab1698
provi des assistapce to the user in renovi ng the handl e 610 flromthe
handl e storage recess 608. The cover 603 al so may dontain
a ridge 612. In ¢ne enbodinent, the ridge 612 is forned gs a nound
with an aperture{614 in the center of the ridge 612 for ijnsertion off jhe
handl e 810. Howeyer, other configurations 25 for thefridge 612 4o
contenplated as W N be easily understood by those of skilll in the art. A
- portion of the handl e 610 is preferably spaced alhove the cojyer 602
in operation, thereby slowing a user to turn the handle 10 wi t hout
interference fromthe cover 602 _ A connegtlng tab 613 ggy
be |l ocated on a face 619 of the base 604. The connectingltab 613 in¢!"Q a5
an aperture 615. | Because the punp 600 is designed to be qarried ove am—
ext ended period pf tine by the patient, 30 t he connectfing tab 613 4
provi des a convepient way to tote the punp 600. A split ffing, string or=
ot her material can _ be pl aced through the aperturg 615 in th ma
connecting tab 6{L3. The punp 600 can then be secured to &n |.V. pol o
or a patient. Ofcourse, the connecting tab 613 may be infntegral wt t he
cover 602. In adflition, other connecting
4 2
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means may be used to assist a patient in transporting the punp 600.

Figure 91 shows an expl oded view of the punp 600. The punp 600 incl udes t he
cover 602, the handle 35 610, a spring and rinkage assenbly 620, a

pl aten 630, a connecting bolt 645 and the base 604. A rectangul ar

medi cati on bag,di@Redss | Nserted into the base 604 during punpp&PRsepuasmti on

to provide a nedication reservoir. WO 97/ 34651

PCT/ US97/ 04400 :

-34- The cover 602 has aR794®r rin 606. This outer rim
606 slidably engages a corresponding groove 616 in . t he base 604.

VWhen the rim 606 of the cover 602 is inserted into the groove 616 of the
base 604, the base 604 and cover 602 cooperate to forma chanber 646
for containing the functional conmponents of the infusion device and .
t he ‘medi cation bag 640. ~Alternatively, the base 604 nay contain a rim and
the cover 602 may, for slidab

I Strated enbodj nent,
nected between the platen p30
ge assenbly 620 contains conngctor

cover 602 and theg base 604. I
~ the spring anEh¢| nkage assembly|620 is
and the cover ﬁ The spring apd Ii

bars 624-627 .gﬁre 92). A paif o T
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bar receivers 632 and 634 are fornmed on the top side 631 of the platen 630.
The connector bars 624 and 627 insert in the bar receivers 632 and
634. A corresponding pair of bar receivers (not shown) are |ocated an a
bottom 10 side of the cover 602 The connector bars 625 and 626 insert
in the bar recwy&,r,sgﬁé]f t he cover 602. This connect i opctrasy@dos he
spring and |inkage assenbly 620 between the platen 630 and tho cover 602.
As shown in Figure 91, the connecting bolt 645 is preferably uisorted

t hrough an aperture 636 in the platen . 28 p48, through an aperture 622
formed by novabl e bl acks 621 and 623 and through the aperture 614 in the
cover 602. A threaded bore 611 of handle 610 has threads
corresponding to threads 646 on the connecting belt 645. 15 The t hrgads
in the handle 610 engage W th e _threads 646 on the Do 645 _al lowing ©
movenent of the platen 630 ~via the spring and |inkageg&SsSenbly 62D
upon turning the handle 610, as wD be descri bed bel ow. Wen t$e handl ¢

610 is fully engagedfwith the bolt 645, the punp 600 is in af open

posi tion. Wien the punp 600 is in thes open positionf the plates
630 is fully stored wWithin the cover 602. This slows the cover 602 to|®
separate fromthe base . 604 without interference fron}jthe plat¢n

630. As the handle 6§10 is turned to separate the handle 610 fromthe 20
bolt 645, the pMJgeni 630 begins to lower into the base 604 vja the spfing

and |inkage ass&fyl y| 620. The nedication bag 640 is +oo
preferably in fluid comunication with the patient by way off an effl ugnt
fluid | § 648, which exténds through the base 604 Qy way of & port
650. Nbdificatiggfof the port 850 to accommpbdate _ thg various’

rel ati onshi ps bejween the cover 602 and base 504 wi|l be appgrent to oné2of
skill in the art. A flew regul ator (not illustrated} to regul ate

the flow of nedicatijppn may be provided on fluid |ine 648. 2%
In general, the nedigcation bags 640 contenpl ated for use infaccordancg with
t hi s enbodi ment of }he present invention are standgrd nedlcanmﬁn

begs wel 'known and used in the art. Standard begs are currehtly >
produced by Abbott Ljaboratorss and Baxter Healthcare. Howevper, nedicationo,
bags adapted for usel In the punp 600 can be readily produced in w
accordance with the disclosure herein. The nedication bags p40 includ¢ 4 =
fluid reservoir segnent 641, an injection port 642 nd a flui v 8
delivery port 44.. 30 - Wen delivering nedicatipn froma o~

medi cation beg 640 tpo a patient, only the fluid reservoir segnent 641
is coapressed by thel pl aten 530. The injection port 642 andt the fluid

delivery port 644 ark generally not _ . vE{
lo
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cohpressed, The platen 630 is approximately the sanme size as the fluid-

reservoir segnent 641 of the nedication bag 640. To protect both
the injection port 642 end the fluid delivery port 644 of the nedication
bag 640, the base ' 604 preferably contains walls 652 654 and 656

formng two cupeydsg@ints 653 and 655. The injection port 642 péPmusernded S
i nsi de conpartnent 853 and the fluid delivery port 644 fits inside

conpartnment 655. Wien the nedication bag' WO 97/ 34651
PCT/ US97/ 04400 29 /45

- 35- 640 is inside the punp 600, the injction port 642 and the
fluid delivery part 644 are protected by conpartnents 653 and 655.

Only the fluid line 645 is exposed fromthe punp 600. _
Referring to Figures 92, 93 and 94, the platen 630 exerts a force on the
medi cati on bag 640 through the spring and |inkage assenbly 628 In
general, the spri i ni 8sing
5 . elenents hfving a | ongituldin axi s whi ch extends at an angle mth _
respect tot ongi tudi nal axils of travel of the pl at en 630Q.
- Preferably, t bi asi ng el enent! afi s extends approxi mately at about ja

per pendi cul ar t0fthe axis of trlagel of the platen 630. As dL@gyssed
bel ow, the bEg? g el enent preflefably conprises one or nore pairs of L

springs havi ] :
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at | east one spring guide such as a central shaft or tubular cover. Because
the punp 6D0 in the preferred ' enbodi nent i s designed to be
portable, it is desirable to manufacture the punp as thin and small as
possible. To 10 reduce the overall height of the punp 600, two pairs of

~ springs are pyd$ ;y used as the biasing el enent The. PCTHUSS7/6ak00t WO
pairs of springs has several advantages First, the same force is appled
usi ng springs and gui des of half ' the dianmeter of a single pair of
springs. Using springs of a smaller dianmet3@/45l ows the overall height of
t he punp ' 600 to decrease. Second, the |ateral spacing of'the spi nps
assists in providing a balanced force to the platen 630.

appl yi ng a bal anced force, Ll lower jinto the haﬁé 604 with
a mni mum of rocking. 15 - In the illustrated enbodj nent, a
pair of spring guides 664}and 665 extend along an axis which is generally
perpendi cular to the diregtion of travel of the platen 630. Theg spring
_guides 664 and 665 conprige a netal rod_, . havi ng a | engt pthin the
range of from about 3%1)0 es to aRout i nches, and a di aneter {from about -

. 125 inch to uf . 250 ingh, aIthough variations wll jpbe readily
apparent to one of sk jn the ar In an enbagdi nent in
- Wwhich the spring guides. 664 and 665\conpiise a unitary or segmgnted shaft
havi ng 20 a contiQQou g throughout its lengt® a

tubul ar sl eeve may aﬁzzﬁn enlentgy j sposkd overktthe portions of
the threaded shaft ; i1l slirdably canry ot fer noving partg, as wll be

di scussed. Alternatively, {the spf ng guEEes 664 and 665 can be
constructed froma generallly snogfh §od, h@ving-a threaded regitoll only on
t he di stal ends thereof ®or neceiviing amut 670. A

spring stop 675 is carried at eidher lend of] t hewsspring gui des 64 and 665.
As will be readily apparemgt 25 0 pbne oflgki4l in the art, gny of a
vari ety of neans can be utjilized for §etaingng a spring under te ion. For
exanpl e, a nut or |nut and wasler thjeadably engaged to e ’Erlng
gui des 664 and 665 is conyenient, botR fronta nanufacturlngcs
standpoi nt and due to thefability of tlhe nahufacturer to adjust| t he&pring

tension by sinply rotatinf t hg To avoid rotation gf «4 heasstop

675 on the spring guides $64 and 665, gpoxylmay be used as will| Bt E?adily
understood by those skill¢d in the art}’ ' In thg illustrated
enbodi ment, a spring stop|675 is provided on} each lateral end df th& spring
gui des 664 and 66% for limtin xpansi on of each gpging 680.

The spring stops 675 genefally conpriseya radially outwardly ~
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extendi ng annul ar flange 677 and have an aperture 679 extending

t heret hrough for receiving a threaded portion of the spting guides
664 and 565. The spring stop 675 also has a cross-sectional area sufficient
to limt expansion of the spring. The spring stop 675 is preferably

provided with an axially extending tubular sleeve 682, whi chPGTAUSIRE448E
assenbl ed puﬁﬁogy?gﬁhs along the spring guides 664 and 665 and within the

spring 680. In the illustrated WD 97/ 34651

PCT/ US97/ 04400 . 31/45

- 36- enbodi nent, the sleeves 682 have internal threads
conplenentary to the threads on the spring guides 664 and 665 - to
securely threadably retain the spri-ng-3top 5 in place.

In an alternate enbodi ment (not iHIustﬂafed)” the spring stop 675 conpri ses
the annul ar flange 677 and the E it yplilAr sl eeve 682 as in the

f or egoi ng enbodi nent . Fbmever,tﬁthsp;ﬁng‘gfop 675 is held in place by a
separate 5 threaded nut sqRured difectly to the spring guides 664 and
665. In this enbodinent, the interdal &hyead on the aperture 679
and the interior wall of the tubufar slev 682 is unnecessary. Although the
use of a separate threaded!nutfis conveni ent from a manufacturing

‘standpoint, it adds to the overalliLg;Eral | ength of the spring gui

des
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664 and 665, which may be undesirable in a given enbodi nent.
The springs 680 ate conpressed between the spring stops 675 and two

noveabl e stops 621 and 623. 10 | n one enbodinent, the springs 680
conprise, nmusic wire having a wire dianmeter of approxinately .80 inch.
Lower Wb #HEkEe S such as . 062 inch may al so be used bypdmnssyesiong
t he prel oad. Preferably ‘the springs 680 have a spring
constant within the range of from about 80 | bs. per inch to 90 | bs.
per inch in a dual spring enbodi ment. EactBZzpabng 680 is approxi mately 1.62
inches long in its un-conpressed _ . state and approxi matelgrg. 90 i nches
long inits fully conpressed state, shown in Figure 93. and .5 fnch in
di aneter. 15 The sum of the axial travel of springs 680 |s* hpOXIﬁHte|y
.90 inch between the conpressed state as shown in Fi gurfg 93 at the
beglnnlng of the dispensation cycle and the state shown in Figung 94 at the
end of the dispensation . cycle. Depending on the spring jdpnst ant
chosen, the dispensation cycle can vary fromone half hour to iht days
These dlnenS|ons correspond to a punp for a 100 cc nedication Hglj. For
| arger or smaller nedication bags di mensi ons woul d vary(ms wll be
easily recogni zed by those of skill in the art. 20 Q; Moveabl e
stops 621 and 623 function as nedial spring abutnents to ally rink
the medial travel . f the spring 680 to the |inkage ass. ly 620 and
pl aten 630. Referring to Fﬁgure 92 the stops 62 nd 623 are
general ly rectangul ar ing exf®rior configuratigh Wth a sicircul cut - out
661 on the interi o&si o’| The cut-out 661 may have ot he
configurations as kpng/dp\t he screm1645“¥|ts tihx ough t he stops k1 and 623
when the stops 621 d and 623 are M ont.\ wi th onghanogihfgr. The
-stops 621 and 623 al ¥ i ain_annular or t b a\\ recessesy KA whi ch
do not extend througj | \a ti | engt h of \ ps 621 and 28 The
springs 680 fit intqg th ragesegs 662¢ \ ach stop 521f.jd 623. The
stops 621 and 623 aI i n openi gy, t the genterjfdfy the stops
to ’ al | oW~ hp st s 61 and 623 to/Blide a' ally ! \sprnag
QUIdeS 664 and 665. | ' - Eachf/frovepbl & stop &2 f ‘
conprise any of a vri-e of {durabl e nat g al : such as a;urri ,/
stainl ess steel or otheQ metal known in t|he lolcal devtfe 3
Preferably, ho efii a gfrong |ightwei ght pla! ic 30 2/ ch 35
Del rin, avail abl ﬂ?on1hiPont i S\used. Pciyne c bljocks or i fareln
preferred, due\t'® e Ql @bi ity tjo sliflde rel%%ivel he
spng guides_6dﬁ~ant 66 @y en b’lsed by t he sprlj ngs 8. &
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Each of two opposing sides of the stops 621 and 623 contain an aperture

686. The aperture 686 has - internal threads conplenentary to the

t hreads of a pivot screw 688 The pivot screws 688 are threadably engaged

to the stops 621 and 623 via the aperture 686. 35 Two |ink

arms 690 and {Prr3k&Pi votably affixed to each pivot screw 688rms97esdtor st
end thereof. The I nk- : arm 690 is connected at a second end to the
connector bar 625 which is connected to the cover 602. The link

WD 97/ 4651 - 33/45

PCT/ US97/ 04400

- 37- arm 69ZJ\s connected at its second end t he nnect or bar
i X o the platen 630. The Ink X a% 690 and 692

br\ guration which is a mrror hag o he

s 694 and 696. Togft Hent\ t hes four ™ |i nk

b. f orm an adj ust abl e paral |l p kage, as will

one of skill in the art. P an identical

sts on the opposing vertic |1 of .

forma scissor-typgy
conf-i guration of Y
arns 690, 692 894
be - undar st
par al | el ogram I\ nk
noveabl e stops

Referring to Figur
t he base 604 and t

bean i nserted into
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604 is engaged with the cover 602, the springs 680 are at their point of

hi ghest conpression. As the springs 680 rel ease force in a
direction perpendicular to the direction of travel of the platen 630, the
stops 621 and 623 side toward each other on the spring guides 664

and 665, causiwgstfessecond ends of Ink arnms 690, 692, 694 ardTAEIADO0 tO
nove further apart. Through this nmechanism the force exerted by the -
springs 680.is transmtted through the link arns 690, 692, 694 and
698 to the platen 630 ghrough the bar rece34¢h&5632 and 6g4. The spring
force conpongry § 692, 4 and 696

to the platen 630 i ggbycle of
the nedi cation bag § : S so as to
Pressure until
56:) in Figure

nalntaln a
ass~whown above
L t out put

X es t hr oughout t he di spf
: tension of the springs 6%0
Iy constant medi cation o

Q:SthOUt the dlspenSﬂf?on cycl g
gener af es a) subsyanti a
L4-UId pressure. 45/ﬁbghly degi
ty-of drugs sUch As £henot he
ent i nvention reierably has
Duri ng an'elght day disp
drop of nedication | N . dlspensed.ap r oxi mat el y
ability to maintai Subist antialy constan output flu
critical in sustairi nggsuch a steady flqh;of medi cati o
time frame. |nport 3 he force deliVE ‘ b
the fluid delivery {b#g§40 increases thn ]gh t he dlspe

fluid pressure.

di spensi ng

di scussed above,
cycles as |long as

c agents. As

di spensati on
i,on cycle, one
12 m nutes The
ssure is 20
an ext endd
bl at en 630
h cycle

_6
a

resulting in a con o of nedi cati of patient.
During the dispensdiid i ne anmount o¢f
medi cati on remaini g i At i on bag 640 hown i n Fi gfgr es

95 and 96, a |evel |ind
medi ci ne di spensagijon,|
As the ned|C|ne/(lei-
the belt 645 §

an end 99 fof fth
| evel |nd|catoF369 ig cqli

bon t he handl e
ih be inserted
bag 640,

16 of the bas

;. ring 25 |
i t he aperturellf
b pl aten 630 af

é
Fi gure
zation | evel
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including affixing a sticker to the base 604 or.incorporated in the

I njection nolding. As the nedication is dispensed - fromthe

nmedi cati on bag 640,  the platen 630 noves toward the base 604. The renaining
fluid level is determ ned- by view ng the |ocation of the bottom 635
~of the pl at enyg3I9aadpi Nnst the indicator 598. PCT/HS3(94408¢ | on,
‘a full nedication bag 640 is attached to the patient by means of a catheter
or Intravenously 35 via the fluid line 648. The cover 602 and the base
604 are separated by turning the handl e 6136/#Bus drawi ng the

pl aten 630 into the base 602 and slidably dlsengaglng t he cover 602 and
base 604. The pati ent inserts the 0 97/1\\?1

PCT/ US97/ 04400 . N

- 38- - medi cg F&% 640 into the base 604, effdi dN(he injection
port is inside co ui.‘i\n [ / \ port I's inside
conpartment 655. Te | .tle:ilne 648 protrudes from tifie gbay via the port
650. Wth the plat : 630 fully stored in theg r t he cover
602 and the base 4064 5] T dably engaged. The pati g nlhELnS

t he handl e 610 untji di Sengages frontthe bolt 6415. hi s point, the
end 699 of the bolji ¢ us | ocat edfVil"tHj n t hg- ure 614. The
handl e 610 may be in the hahdle ptorAQB receg Wth the handl e
610 renoved, | J/

S&C
™~
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the |inkage assenbly 620 and platen 630 apply a steadily increasing force

on the nedi cation bag 640 through the di spensati on cycle as
descri bed above. This force causes the platen 630 to conpress the

medi cati on bag 640, t her eby pr.ovidi ng substantialy constant f kid
flow via the fluid |ine 648. After all the nedication is

di spensed, the“ﬁﬁpﬂﬁﬂ?'nay renove the handl e 610 fromthe han8F§“§f@V§8e-10
recess 608 and insert the handle 610 into the aperture 814. The handl e 610

is then turned to threadably engage E%h% bolt 645, thereby
conpressing the qi nkage assenbly 620 and r% I a the platen 630 into the
cover 602. Wen - the platen is again fully stored in the cover 602.

the cover 602 and the base 604 can be slidably di sengaged. The

“enpty medi cation bag 640 igcsfnnved fromthe base 504 and the punp 600 i's
ready to repeat the prdces Nuner ous Aar i gswons and
modi fi cati ons of the /4§ Krﬂ_ will becone readily angﬁ\t those silled
in the 15 art. MWW nglesy, the invention may be/i b oyl

specific forns wthd #8Sp
characteristics. The i

p&MDing fromits spirit or
e enbodi-renRt is to be co

PeL N @ respects
only as illustrativd nJﬂL;estrHctivé -/~ and C of the
invention is, theref ndi cat ed jby tHe aénénded cl at her t han by
t he foregoing Cription. (Al dhéakgés which A thin the
meani ng and range of i yal ency of jthg, Clarms are t hbr aced
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VE -CLAIM 1. An infusion punp for expelling fluid froma fluid reservoir
at a constant rate by providing increasing force on said fluid reservoir

-t hroughout a di spensation cycle, said punp conpri sing: a housing
having a chanber therein for receiving a fluid reservoir, said chanber
having a first wall for contacting said fluid reservoir, saldsﬁfdé;;

havi ng a non- pN@A3%P46Ebnt our ; a second wal | novabl e betWeen a
position distanced fromthe first wall to form said chanber therebetween
and a second position relatively closer tg$§h¥ first wall, said second
wal | having a contour which is conpl enent % said contour of said first

wal | ; and a conpression neans for noving said second wall from said
first
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position to said second position to-expel fluid fromsaid fluid reservoir,
wherein said conpression neans is attached at one end to a side of said
second wall opposite said fluid reservoir, said conpression neans
achieving a substantially constant flow rate fromsaid fluid reservoir by
increasing a force applied to said fluid reservoir as said sggaigk

noves toward éﬁ?ﬁwggg nd position. 2. An infusion punp as in Cﬁ2?%$ol,
wherein said conpression neans conprises a parallelogramlinkage having
first and second opposing pivot points Ingy4gla pl ane extendi ng
generally perpendicular to the second wall,“and third and fourth opposing
pi vot points lying in a plane extending generally parallel to the second
wal |, and at |east one spring for biasing at |east one of the third and

~ fourth opposing pivot '
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40 points towards the other, one of said first and second pivot points
being fixed with respect to said second wall, wherein novenent of said
third and-fourth pivot points towards each other causes said first and
second pivot points to nove away from each other, thereby advancing the-
second wal | t@ﬁ@@g ihe second position. 3. An infusion p &5 fdeC @ m
2,  Wherein sal ?ﬁg ession neans conprises 4 springs. 4. n 1 nfusion
punmp as in Claim1, further conprising a retractor :

39/45
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for retracting the second wall fromthe second position to the first
position. 5. An infusion punp as in Caim4, wherein said retractor
conprises a first conponent having a thread thereon, and a second
conponent having a conplenmentary thread thereon for engaging the thread on
the first co sai d second conponent being fixed with

said second agﬁpﬁg§ﬁ%rein relative pgtation of ?he first coﬁ%gﬁgﬁﬁkﬁﬁﬁh
respect to the second conponent retracts the second wall fromthe 'second
position to the first position. 6. An iﬂpzﬂswlpunp as in Caimi1i,
further conprising an indicium of the conplfétion status of the -
di spensation cycle. 7. An infusion punp as in Claim®6, wherein said

i ndi ci um conpri ses ' ' '
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a scale for evaluating the position of said novable wall along an axis of

travel . _ 41 8. An i nfusion punp
for expelling fluid fluid reservoir at a constant rate by providing
increasing force on said fluid reservoir throughout a dispensation cycle,
sai d punp conRyi sina; ' a housi ng having a chanber therej =

receiving a mdl) g%gg%l ﬁ’cqp%sgmuoo

ervoir, said chanber having a first wal’l
contacting the fluid reservoir, said o

41/45
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first wall having a non-planar contour; a second wall novabl e
between a first position distanced fromthe first wall to formsaid
chanber therebetween, and a second position relatively closer to the first

wal |, said second wall -having a contour, which is.conplenentary to said
contour of saiybidegs Wall; and a paral | el ogram | i nkagg-ziisghs irst
and second opposing pivot points lying in a plane extending generally

per pendi cular to the second wall, and third and fourth opposi ng pivot

points lying in a plane  extendigngsgen
and at | east one spring for biasing af\
opposi ng pivot points towards the oth

pivot points being fixed wth respect,

moverment of said third and 244

[lel to the second wall
e of the third doour t h
sfzgaid first a second
ond wal |, wherein

676
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fourth pivot points towards each other causes said first and second pi v_ot-
points to nove away from each other, thereby advancing the second wall
towards the second position. 9.  An infusion punp as in Caim8, wherein
said |inkage conprises. 4 springs. - _

42 10. An iRbys unp as in Caim8, further conprising g,

for retracting ?Eglggg’gond wal | fromthe second position to tﬁ’éﬁgﬁlmg

43/45




position. 11. An infusion punp as in Caim10, wherein said retractor
conprises a first conponent having a thread thereon, and a second

conponent having a conpl enmentary thread thereon for engaging the thread on
the first conmponent, said second conponent being fixed with respect to"
sai d second vall, wherein relative rotation of the first ' CqFRARYNb4awd L N
respect to t e g@% d conponent retracts the second wall fromthe second.
positionto the first position. 12. An infusion punp as in CaimS8,
further conprising an indicium of theygcogletion status of the

di spensation cycle. "13. An infusion. puﬁg as in Caim12, wherein said

I ndi cium conprises a scale for evaluatlng t he p05|t|on of sai d nnvable
mall al ong
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an axis of travel. 14. An infusion punp as in Cdaim8, wherein said

paral | el ogram |inkage achi eves a substantially constant flow rate from
said fluid reservoir by increasing said force adapted to be applied to
said fluid reservoir as said second wall noves toward said second
position. 15. An infusion apparatus conprising: - a flhpH bobery
bag connect WY out | et tube, said fluid delivery bag hgg‘rﬁgggd“gogftom
side and-a tap side, said bottomside having a curved contour about the
peri phery and said top side having a 4§y9§tant ially flat central portion;
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43 . a first shell haV|ng threads and a closed end

shel.l threadably engaged with said first:shel

‘chamber for receiving said delivery bag, Said-
cont eur whi ch approxi mates the contour of said bo;t

de) i very bag; a conical helical spring;

attached to said closed end of said first shell,

econd

U 00
ehiat %f_zf .
-and a S;;z;dcggllegnd;

and a platen having a non-pl3W8 bottom surface configuration which
i's conplenentary to said bottom contour of said second shell and a top
surface, said top surface of said platen attached to said second end of

 AMENDED SHERT

e
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surface of sad plat JIIIﬂlﬂllﬂzlmwﬂlllﬂII §a'bof F s aeemsieantapl at oAPR (1)

exerts a force on said tép side of said REPLAEEM%%EE said fluid
delivery bag is placed in said chanber of salc econa snert. 116. The
apparatus of Claim15, wherein said sec@%9 coifl g é?gsg,er han sai d
first coil end. 17. An infusion apparatus cqnyri si % y fluid
delivery bag connected to an outl et tube, saiq fUwi-d-geliwatpd bag having a

bot t om si deWEnWFLARMY si de, said bottom side Having a curved céntour about
its periphery and said top side having a substamrarty ftrat central
portion; 1. Anf infelsicrh g@umipaforn gxpéliierpd fludd dremc hoAaid emdervmr at a

constant rate by prov1d1ng increasing force on said fluid reservoir
throughout a dispenSation cycle, said pump comprising:
a housing having a chamber therein for receiving a fluid reservoir,

said chamber having a first wall for contacting said fluid reservoir, said

first wall having a non-planar contour;

a second wall movable between a first position distanced from the
first wall to form said chamber therebetween, and a second position

relatively closer to the first wall, said second wall having a contour

which is complementary to said contour of said first wall; and

a compression means for moving said second wall from said first

position to said second position to expel fluid from said fluid reservoir,

wherein said compression means is attached at one end to a side of said

second wall opposite said fluid reservoir, said compression means

achieving a substantially constant flow rate ;from said fluid reservoir by
increasing a force applied to said fluid reservoir as said second wall
moves toward s_aid second position.

2. An infusion pump as in Claim 1, wherein said compression-
means comprises a parallelogram linkage having first and second
opposing.pivot points lying in a plane extending generally perpendicular
to the second wall, and third and fourth opposing pivot points lying in a
plane extending gengérally parallel to the second wall, and at least one

spring for biasing at least one of the third and fourth opposing pivot



44 a second sh gaged w Gk M *}m |, said
second shel | ‘having aﬁmﬂmmﬂmu bottomE:R’E A N?ts PR oxi mat es

the contour of said bottom s de¢ of said f d [dgl i ver Q a
coni cal helical spring, having a first c0| I e tﬂa?cgg 18‘39 sdgid closed
end of said first shell, and a second sM0I| coil{ end: and a platen
havi ng a non-pl anar bottom surface configuratijon which is conplijenentary to

sai d bottom contour of said second shell and a-tep
points towards the other, one of said first and second pivot points being

fixed with respect to said second wall, wherein movement of said third

and fourth pivot poirits towards each other causes said first and second
' pivot points to move away from each oth‘er, thereby advancing the

second wall towards the second position.

3. An infusion pump as in Claim 2, wherein said compression

means comprises 4 springs.

4, An infusion pump as in Claim 1, further comprising a retractor

for retracting the sec_:ond wall from the second position to the first

position.

5. An infusion puinp as in Claim 4, wherein said retractor comprises

a first component héving a thread thereon, and a second component

having a complementary thread thereon for engaging the thread on the

first component, said second component being fixed with respect to said

second wall, wherein relative rotation of the first component with

respect to the second component retracts the second wall from the
second position to th;a first position.

6. An infusion pump as in Claim 1, further comprising an indicium
of the completion status of the dispensation éycle. |

7. An infusion pump as in Claim 6, wherein said indicium comprises
a scale for evaluating the position of said movable wall along an_axis of

travel.
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surface of said platen-and whemel B sal d bot surface of sphifd platen
exerts a force on said flat central portion sAVEER W98 dEl | very bag when
said fluid delivery bag is placed in sa#48 chafber of said sgcpnd shell.

18. An infusion apparatus conpri sing: aitlurd delivery{bag connected
to an outlet tube, ;said flui-d delivery_ bagjhaving a.top.sufhce with a

substanti aB-y f AR inBxieR PEeRR ileRexpelling Tiud from o dIyidhesesyoly &t Gsed

end; a helical spring attached to said closed end of said first

shel | ; constaseamid bielprovidieg duidrgasimgaderceniamh saidd fhiids resdrwbir and
having a chanber therein for holding said fluid delivery bag between said
first throughout a dispensation cycle, said pump comprising:

a housing having a chamber therein for receiving a fluid reservoir,

said chamber having a first wall for contacting the fluid reservoir, said

first wall having a non-planar contour;

a second wall movable between a first position distanced from the
first wall to form said chamber therebetween, and a second position

relatively closer to the first wall, said second wall having a contour

which is g:omplementary to said contour of said first wall; and

a ﬁarallelogram linkage having first and second opposing pivot
points lying in a plane extending generally perpendicular to the second
wall, and third and fourth opposing pivot points lying in a plane
extending generally parallel to the second wall, and at least one spring
for biasing at least one of the third and fourth opposing pivot points

towards the other, one of said first and second pivot points being fixed

with respect to said second wall, wherein movement of said third and

fourth pivot points towards each other causes said first and second
pivot points to move away from each other, thereby advancing the
second wall towards the second position.

9. An infusion pump as in Claim 8, wherein said linkage comprises

4 springs.



shell and said second
sai d platen h
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spring,
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surface, said platen for distributing a forde sal.d spring to
the substantially flat . 42 45
central portion of said fluid delivery bag, wherein when said $econd

is engaged with said first shell, said helicg pPring exerts rorce on
top sur f acd Obf @é?dnf”%ﬁ’ﬁnp‘dmpﬁﬂl 18N8 s ‘H?mﬁ’ﬁﬁsﬂ'l%)laafﬁﬁacmr

for retracting the second wall from the second position to the first
position.

11. An infusion pump as in Claim 10, wherein said retractor
comprises a first component having a thread thereon, and a second
component having a complementary thread thereon for engaging the

thread on the first cdmponent, said second component being fixed with

respect to said second wall, wherein relative rotation of the first

component with respect to the second component retracts the second
wall from the second position to the first position.

12. An infusion pump as in Claim 8, further comprising an indicium
of the completion status of the dispensation cycle.

13. An infusion pump as in Claim 12, wherein said indicium
comprises a scale for evaluating the position of said movable wall along
_an axis of travel.

14. An infusion pump as in Claim 8, wherein said parallelogram
linkage achieves a substantially constant flow rate from said fluid

reservoir by increasing said force adapted to be applied to said fluid

reservoir as said second wall moves toward said second position.
15. An infusion apparatus comprising:

a fluid delivery bag connected to an outlet tube, said fluid delivery
bag having a bottom side and a top side, said bottom side having a
curved contour about the periphery and said top side having a

substantially flat central portion,;

shel |
sai d
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a first shell having threads and a closgd end;

a second shell threadably engaged with said first shell, said
‘'second shell having a chamber for receiving said delivery bag, said
chamber having a bottom contour which approximates the contour of
said bottom side of said fluid delivery bag;

a conical helical spring, having a first coil end attached to said
closed end of said ﬁr;t shell, and a second coil end; and

a platen haviné a non-planar bottom surface configuration which
is complementary to said bottom contour of said second shell and a top
surface, said top surface of said platen attached to said second end .of
said helical spring, wherein said helical sprir;g exerts a force on said top
surface of said platen and wherein said bottom surface of said platen
exerts a force on said top side of said fluid delivery bag when said fluid
delivery bag is placed in said chamber of said second shell.

16. The apparatus of Claim 15, wherein said second coil end is larger
than said first coil end.
17. An infusion apparatus comprising:

a fluid delivery. bag connected to an outlet tube, said fluid delivery
bag having a bottorfl side and a top side, said bottom side having a
curved contour about its periphery and said top side having a

substantially flat central portion;

a first shell having threads and a closed end,;
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a second shell threadably engag&d—wi-ﬂa-—said—ﬁrst—sﬂell, said

second shell having a chamber having a bottom contour which
approximates the contour of said bottom side of said fluid delivery bag;

a conical helical spring, having a first coil end attached to said
closed end of said ﬁrét shell, and a second small coil end; and

a platen having a non-planar bottom surface configuration which
is complementary to said bottom contour of said second shell and a top
surface, said top surface of said platen attached to said second end of
said helical spring, wherein said helical spring exerts a force on said top
surface of said platen and wherein said bottom surface of said platen
exerts a force on said flat central portion of said fluid delivery bag when
said fluid delivery bag is placed in said chamber of said second shell.
18. An infusion apparatus comprising:

a fluid delivery bag connected to an outlet tube, said fluid delivery
bag having a top surface with a substantially flat central portion;

a first shell hax}ing a closed end;

a helical 'springr attached to said closed end of said first shell;

a second shell threadably engaged with said first shell and having
a chamber therein for holding said fluid delivery bag between said first
shell and said second shell; and

a platen attached to said helical spring, said platen having a non-
planar bottom surface configuration which is complementary to a
bottom contour of said chamber and a top surface, said platen for

distributing a force exerted from said spring to the substantially flat
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central portion of said fluid delivery bag;—wtereimwhernr—said second

shell is engaged with said first shell, said helical spring exerts force on
said top surface of said platen and said bottom surface of said platen
‘exerts force on said fluid delivery bag so as to force a fluid contained

within said fluid delivery bag through the outlet tube.
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(S7) Abstract -

Disclosed is an infusion pump (400, 600) for expelling a fiuid from a collapsible fluid reservoir (406, 640) to a patient. The pump |
(400, 600) ugclndes 2 housing (401, 601) having a chamber (446, 646) therein for receiving the fiuid reservoir (406, 640). A first wall (404,
'| 604) is provided on the housing for contacting the fluid reservoir (406, 640), and a second wall (410, 630) is movable from a first position
distanced from the first wall to form the chamber therebetween, and a second position relatively closer to the first wall. Advancing the
movable wall (410, 630) from the first position to the second position expels fluid from the collapsible reservoir (406, 640) at a substantially
constant rate by applying increasing force on the fluid reservoir (406, 640) through the dispensation cycle. Preferably, the first and second
z:;lés (6?!(())6)' 410, 604, 630) are provided with non-planar complementary surface (408, 413, 415, 417) for contacting the collapsible reservoir




