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PLATEN PUMP 

Field of the Invention 

PCT/US97104400 

This invention relates to a low cost drug dafivery systam useful in dehering drugs, from pfiabla plastic 

containe.rs. 

Background of the Invention 

Many drugs in tha healthcare field are administered to a patient on a continuous basis. Continuous deivery 

of a drug to a patient was initially achieved by placing a drug delvery bag filled with a drug above the patient and 

fatting gravity force the drug from the bag ilto the patient. Although this method has proven successful for many 

apptications, its drawbacks included a) an unsteady flow to the patient due to the changing height of the intravenous 

10 infusion site relative to the drug bag, b) the awkwardness of requiring the patient to remain below the fluid defivery 

bag at aH times, and ct the constant adjustment of a roHar clamp which regulates the flow to the patient. 

Electromechanical infusion pumps were developed to mitigate thase concerns. However, the utif'rty 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 a patient is at home and ambulatory, thus requiring the freedom to move 

15 about 

During the past five years, a new style of apparatus has entered the marketplace for controUed delivery 

of a drug which does not require the use of an electromechanica1 infusion pump, and thus is suited for the controlled 

delivery of drugs to patients who are ambulatory. This new style utilizes an inflatable latex rubber balloon housed 

inside a rigid, cleir plaitic housing. When tbe devices are fiHad with a drug, the latex baDoon expands. An 

20 administration sat is auached to the device and thus acts as the conduit far the drug to the patient. When the 

balloon is inflated by the drug, the balloon itself becomes the driving force to transfer tha drug out of the reservoir 

to the patient via the drug administration set. Controlad release of the drug at a desired flow rate is achieved by 

placing an orifice of predetermined diameter ii the drug &ne. These dnices generally operated at a relatively high 

pressures of approxinately 10 to 15 psi. Examples of the latex baUoon system are disclosed in U.S. Patent Nos. 

25 4,769,008 and 4,915,693 and European Patent Application 0,426,319 A2. 

Although the latex baBoon method of drug dalivery has cenain advantages over the electromechanical 

infusion p1111p, the method also has its disadvantages. ·For example, because the balloon expands il all directions, 

the shape of the housing enclosing the baHoon is round. This round shape does not confonn waU to the patient 

when worn in the patient's pocket. Furthermore, soma of the latu balloon style devices require a special machine 

30 to HI a~d pressurize the balloon with a drug. Consequently, the pharmacist must use the spaciat machine to load 

the davica. Thus, there exists the need for a safe, economical drug delivery system which could (a) be 

inconspicuously and comfortably worn by the patient. (bl allow the pharmacist to fill the drug container without the 

use of a special pressurizing device, (c) alow the nursa or patient to load the drug container into the pressurizing 

device, (di aRow for reuse of pans of the system. 

35 
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Svmmarv of the Invention 

The present invention allows tha usa at standard, rectangular medication bags to be used in a platen pump. 

By using the standard bags, hospitals do not have 10 maintain a large inventory of medication bags of differing size 

and shape. 

One aspect of tha prasant invention is an infusion pump for expelling a fluid from a fluid reservoir. The. 

ilfusion pump comprises a housing having a chamber therein for racaivilg a fluid reservoir and a first wan for 

contacting the fluid reservoir. A second wan is movable batwaen e fim position distanced from the first waB to 

form the chamber tharebatwean, and a second position relatively closer to the first wal. The second waU is moved 

by a paralelogram linkage. The parallelogram. linkage comprises at least one spring for biasing the parallelogram 

10 linkage. The movament of the paraBelogram lnkage causes the second wan to advance toward the first wan. 

Importantly, the advancement of the second wa11 provides increased force on the fluid reservoir through the 

dispensation cycle thereby· achieving a constant flow rate. 

1n another embodiment, tha present invention is an infusion pump comprising a housing having a chamber 

therein for receiving a fluid raservoir. The pump contains a first wan for contacting tha fluid reservoir and a second 

15 wall movable between a first pnsitian distanced from the first wan to fonn tha chamber Jherebatween, and a second 

position relatively closar to the first wal The pump includas a compression means tor moving the second wall, 

wherein the compression maans achieves a substantially constant flow rate from the fluid reservoir by increasing 

the force applied to 1ha fluid reservoi" as the sacond waft movas toward the second position. 

Further features and advantages of the present invention will become apparent to one of skill in the art 

20 from a review of the Datailed Descfitrtion of Prafarred &nbodinants which follows, whan considered with the 

attached clains and drawings. 

25 

Brief Description of the Drawings 

Figura 1 is an isometric view of the infusion device of the present invention. 

Figure 2 is a partial cross-sectional YilW of the intusian device of Figure 1 with the shels not engaged. 

Figura 3 is a side cross-sectional view of the top sbal of Figure 2. 

F19ure 4 is a uoss·sectional view of the infusion device of Figure 1 with the shals fuly engaged. 

Figures 5a and 5b are a plan view and side view, respectively, of the rotatable spring retainer used in the 

infusion devices of Figure 1. 

figures 6a and 6b are a plan view and side view, raspactively, of the platen used in the infusion device 

30 of Figure 1. 

35 

Figure 7 is a plan view of tha fluid delivery bag of the present invention. 

Figure 8 is an isometric view of an alternate embodiment of the infusion device of the presant invantion. 

Figura Ba is a cross-sectional viaw of the infusion device of Figure 8 in an open position. 

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

Figure 9 is a top perspective view of a dual concentric platen . embodiment of the infusion pump if! 
accordance with the present invention. 
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Figure 10 is an elevational trOSS·lactional view of the pump Dlustrated in Figure e.· 
Figure 11 is an elevational cross-sectional view of the pump iUustrated in Figure 9, partway through the 

dispensation cycle. 

figure 12 is an elevational cross-sectional view of the pump Blustrated in Figure 9. at the completion of 

5 the dispensation cycle. 

10 

Figure 13 is an elevat~nat cross-sectional view of a multi-segment platen embodiment in accordance with 

the present invention, at the commencement of the dispensation cycle. 

Figure 14 is a cross-sectional elevational viaw of the pump of Figura 13, partway through the dispensation 

cyde. 

figure 15 is a cross-sectional etavational view of the pump ilustrated in Figure 13, at the completion of 

the dispensation cycle. 

Figure 16 is a top plan view of a multi-segment platen in accordance with one aspect of the invention. 

Figure 17 is a top plan view of an altamate multi-segment platen. 

Figura 18 is an elavationat cross-sectional view of a lever assisted spring retractor in accordance with the 

15 present invention. 

20 

Figure 19 is an alevational cross-sectional view of the embodiment of figure 18, with the platen in the 

retracted position. 

Figure 20 is an alavational cross·sectional view of tha embodiment of Figure 18, at 1he commencement of 

tha dispensation cycle. 

Figura 21 is an elavational cross-sectional view of a key-operated platen retractor in accordance with the 

present invention. 

f"igure 22 is an elevational cross-sectional view of the embodiment of Figure 21, with a key in place.· 

Figure 23 is an elevational cross-sectional view of the ambodinent in figure 21, at the commencement of 

tha dispensation cycle. 

25 Figure 24 is an altamate embadinant of thi design illustrated in Figure 23. 

figure 25 is an elavational cross-sectional view of an infusion pump having a coHapsible platen retractor. 

f"igure 28 is an elevational cross-sactianal wiew of the pump of Figura 25, at the completion of the 

dispensation cycle. 

Figura 27 is an alavational cross-sectional view of an ultra-low profile pump in accordance with the present 

30 ilvantion. 
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Figure 28 is an alavational cross-sectional view of the pump of Figure 27, with the platen tufty retracted. 

Figura 29 is an alevational crass-sectional view of the pump of Figure 27, at the conunencement of the 

dispensation cycle. 

figure 30 is an alevational view of the pump illustratad in figure 29. 

·Figure 31 is an elevational cross-sectional view of an altemate platen retractor in accordance with the 
. . 

present invention. 
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Figure 32 is an elevational cross-sectiOnal view of the retractor of Figura 31, in tha fully retracted position. 

Figura 33 is an elavatianal cross-sectional view of the retractor of Figure 31, at the commencement of the 

dispensation cycle. 

·Figure 34 is an elavational cross-sectional viaw of a pneumatic platen retractor embodiment of the present 

5 invention. 

Figure 35 is a top plan view .of the embodiment illustrated in Figura 34. 

Figure 36 is a top plan view of a flexibte platen retraction dnice in accordance with the present invention. 

Figure 37 is an alevationaJ cr1ss-sactkmal view of the amb1dinant 1f F19ure 36. 

. Figure 38 is an elevational cross-sectional view of the embodiment of Figure 36, at tha completion of the 

1 D dispensation cycle. 

Figure 39 is an elevational cross-sectional view of the folding rl\k platen retractor in accordance with the 

present ianntion. 

Figura 40 is an alevational cross·sactional view of the embodinant of figure 39, ·with a retracting key in 

place. 

15 Figure 41 is an elavational cross-sectional view of the ambodhnent of Figure 39, at-the commencamant of 

dispensation cycJa. 

Figure 42 is an elevational view of a &nkaga assembly • 

. Figure 43 is an elevationaJ viaw of an alternate lnkage assembly. 

Figura 44 is an alevatianal cross-sectional view of an infusion pump having a drag element in accordance 

20 with the present invantion. 

Figure 45 is an alevational crass-stctional view of an empty indicator in accordance with the present 

invention. 

Figura 46 is an elev.iional cross-sectional view of the embodiment of Figura 45, at the completion of the 

dispensation cycle. 

25 Figure 46A is ai enlarged portion of an elevational cross-sectional view of the embocf111ent of Figura 45, 

30 

at the completion of the dispensation cycle; 

Figure 47 is a bottom plan vieW through the transparent window af the embodiment of Figure 45. 

figure 48 is a top plan view of a law-profile siding spring retractor embodinent of the present invention. 

Figure 49 is a side elavational view of the embodimeflt of F'igure 48. 

Figure 5D is a side elevational view of the embodiment of Figure 48, at the commencement of the 

dispensation cycle. 

Figure 61 is a side elevational vitw of the embodiment of Figure 48, partway through the dispensation 

cycle. 

Figure 52 is a .top perspective Yiew of a· scissor-type biasing means in accortlance with the present 

35 invention. 

Figure 53 is an alavational cross-sectional viiw of th8 embodiment of Figura 52. 
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figure 54 is an elavational cross-sectional view of the embodiment of Figure 52, at the completion of the 

dispensation cycle. 

Figure 55 •is an exploded view of the embodiment of Figure 52. 

Figure 56 is a plot of fluid pressure versus volume. 

Figura 57 is a plot of percent change in pressure versus volume. 

Figure 58 is a plot of fluid pressure versus YDlume. 

figure 59 is a plot of percent change in pressure versus volum. 

Figure 60 is a plat of force versus volume. 

Figura 61 is a top plan viaw of the fluid container embodying the present invention: 

Figure 62 is a left side view of the fluid container of Fvure 81; 

figure 63 is a front view of the fluid contaiter of Figura 61; 

figure 64 is a rear ¥iaw of the fluid container of Figure 61; 

Figure 65 is a left side cross-uctional view of the fluid container of Figure 61 when full of fluid; 

figure 66 is a top plan view of an alternative embodiment of the fluid container shown in Figure 61; 

Figure 67 is a left side view of the ahemative embodiment shown in FiguJJJ 66; 

Figure 68 is a front view of the alternative embodinent shown in Figura 66; 

Figure 69 is a rear view of the alternative embodiment shown in Figura 66; 

. Figura 70 iS another altarnativa embodiment of the fluid container shown in figure 61; 

Figure 7t is a left side view of the ahernative llllbodiment shown in F19ure 70; 

Figure 72 is a tront view of the alternative ambodinent shown in Figure 70; 

Figure 73 is a rear view of the alternative embodiment shown in figure 70; 

Figura 74 is a top plan view of another alternative embodiment of the fluid container shown in Figui't 1i1; 

rigure 75 is a left side view of the alternative embodiment shown in Figure 74; 

Figura 76 is a front vi&w of the alternative ambodinent shown in figure 74; 

Figure 77 is a ·rear vim of the alternative embodiment shown in Figure 74; 

Figura 78 is a top plan view of another alternative embodiment of the fluid container shown in Figura 61; 

· F'igura 79 is ·• left side view of the alternative embolf11J1Bnt shown in Figure 78: 

Figura 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; 

Figure 82 is a top plan view of another alternative embodiment of the fluid container. shown in Fi11ure 61; 

Figura 83 is a left side view of the alternative embolfiment shown in figure 82; 

Figura 84 is a top ptan view of another alternative embodiment of the fluid container shown in Figure 61; 

Figura 85 is a left side viaw of the alternative anibodimant shown in Figura 84; · 

Figure 86 is a top plan view of another alternative embodiment of the fluid container shown in Figure 61; 

Figure· 87 is a left side view of the alternative embodiment shown in Figura 86; 

Figure 88 is a top plan view of another alternative embodiment of the fluid container shown in Figure 61; 
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Figure 89 is a left side view of the ahemative ambodinant shown in Figura 88. 

Figure ~D is a perspective view of an alternative embodiment of the platen pump. 

Figure 91 is an exploded perspective view of the ahernative embodinant shown in Figure 90. 

Figure 92 is an exploded view of the scissor-type biasing means shown in Figure 91. 

Figure 93 is a cut-away side view of the alternative embodinant shown in figure 90 with the platen in a 

first po~ion. 

Figure 94 is a cut-away side view of the alternative embodiment shown in Figure 90 with the platen in a 

second position. 

Figura 95 is a perspective view af the handle of the alternative embodiment shown in Figure 90. 

Figure 96 iDustratas a scale on the altarnative ambodinant of the pump shown in Figure 90. 

Detailad Dascriptipn of the Preferred Embodiments 

Referring now to the iigures, the infusion device of the presant ilvention shaft be caled a platen p11np. 

The platen pump is formed in two parts, a pressurizing portion and a fluid containing portion. Each partion is haused 

in a container or shell A pressurizing shell 12 includes a helical spring 14. A fluid containing sheft 16 includes a 

15 chamber 17 for hausing a fluid delivery bag 18. Wiien the pressurizing shel 12 and the fluid containing sheD 16 

are connected to form the enclosed pump, the fluid delivery bag is pressurized by the spring 14. Fluid is thus 

continuously forced aut of 1he bag 18 through an outlet tube 20 in fluid communication therewith. Controlled fluid 

flow is achieved with a ·smal diameter fixed orifice 46 located at or near the end of the tube. The pump af Figure 

1 is 3 1/2" in diameter and t1• high. A selectively releasable clamp 34 may be appr11d to the outlet tuba to stop 

20 fluid flow from the pump. Releasing the clamp restores fluid flow. 

In accordance with tha presently preferred embodiment of the invention. the pressurizing means is a conical 

helical co~ spring 14. The spring is formed from stainlass steel or a suitable spring material. The coHs of the spring 

are made progressively larger so that whari compressed the spring coHs can overlap to compress ta a lower haight 

than a convantional compression spring. When the spring is expanded it takes on a conical shape. The conical 

25 he6cal spring exerts the greatest forca when it is fully compressed. The fore~ is approximated by the equation 

F.;kx, where k is the spring rate and x is the distance the spring is compressad. Because it is desirabla to have 

the force exerted on tha drug containar be naarly the seme when the container is tun as when it is nearly empty, 

it is preferred that the free length of the spring be several tinis the height uf the pump. Thus, the working length 

is but a· fraction of its total fraa length. This insures that the force applied by the spring is kept within an 

30 acceptable tolerance from the beginning to the end of the infusion. In accordance with the presently preferred 

embodiment, the change in force exerted by the spring over the course af an infusion as compared to the initial force 

it exerts when compressed against a fun 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 lass than 20%. 

In addition to a conventional compression spring, this cancept would apply to a leaf spring, if it was used instaad, 

35 where the deflection in the leaf spring is but a fraction of the total possible deflection. 
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A flexible cable retainer 26 encircles tha spring 14 to set its initial compressed height and also· to prevent 
it from expanding beyond the height of the pressurizilg shel 12. In the presently preferred embodiment, two cables 
26 are used. Thus, the spring 14 doas not baar against the fJuid delivery bag when the pressurizing shell 12 is 
initiaDy angagad with the fluid containing shell 16. This makes it easy for a user to bring the two shells together. 

5 With the spring in its initially comprlSSld state, the force differential betwaan the fuU position shown in Figura 4 
and empty position with the bag squeezed to a completely co lapsed position is less than 20% of the ilitial force 
in the full position. Whffe the conical helical coil spring is preferred, it would be possible to make a platen pump 
with a leaf spring, a prassurizad bladder, a standard helical compression spring or a canister of pressurized gas to 
act as the pressurizing means. 

1 O The smallest coil of the spring is rotatably attached to the cJosed and of the pressurizing shell 12. Tha 
spring is attached to the pressurizing sheD by a rotatable ·connector incklding a spring retainer 22, an anchor pivot 
28, a spring stop 23 and a screw 31. Tile anchor pivot 28 is seated on a shouldar 29 encircfing a hale in the top 
of the pressurizing shell 12. The anchor pivot 28 is free ta rotate on the shoulder 29. The rotatable spring retainer 
22 is mounted to an anchor pivot 28. The spring retainer 22 centers the spring to the shall A spring stop 23 

15 clamps the end coil of the spring to the spring retainer and pravents tha spring ~rom dislodging tram the spring 
retainar 22. The screw 31 holds the anchor pivot 28 and the spri'lg stop 23 together. The spring retainer 22 is 
sandwiched between the anchor pivot and the spring stop. 

Preferably, in the present invention, a fluid de&vary bag is pressurized to only about 5 psi which requires 
only about 30 pounds of f area. In enler that health personnel or the patient can pressurize the pump without 

20 assistance, the pressurizilg shaD 12 and fluid containing sheD 16 are threadably engaged. In the presently preferred 
embodiment, the pressurizing sheD has inner hekal threads 13 ·and the fluid in containing shell has outer helical 
threads 19. By increasing the number of threads per inch, the axial force provided by the threa~s can be increased 
for a given torque. The presently preferred embolfment us as four (4) threads par inch so that it is relatively quick 
. and easy to screw tha shals together to fuAy pressurize the pump. The threads provide a mechanical advantages 

25 su that a modest amount of torque can generate sufficient amounts of axial_ load to compress the spring. 
The platen 24 is located batw11n the spring 14 and the fluid deravery bag 18 when the two shells are 

connected. The pfaten 24 distributes the pressure from the spring 14 over the bag. The presently preferred platen 
is made of polycarbonate. The platen has a bottom flat portion which extends over an area no greater than a 
substantiaOy flat central portion of the fuU fluid delivery bag. This serves to keep the contacting surface areas fairly 

30 constant over the course of the entire infusion to help minimize changes in pressure on the fluid bag. The platen 
24 is held against the balicat coa within the pressurizing shal 12 by the flexible restraining cable 26. The cable 26 
is preferably made from multi-strand stainless.steel. It is loopad about the rotatable retainer 22 and the platen 24. 
Preferably, two cable loops 26 are used. Grooves are provided in the retainer 22 and platen 24 to accommodate 
the cables 26. A plastic label 36 may be adhered to tha bottom of tba platen 24 and the cable 26 aU rotate freely 

35 about the axis of tha prassurizing shall. Thus, when tha pressurizing sheff is ~otated with respect to the fluid delivery 
shel to thread the two together, the pressurizing sheff turns·independently of the platen 24. The platen 24 should 
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remain stationary with respect to the fluid· dalivery bag so that no torsional load is imparted on the bag. In order 

to mechanically prevent twisting the fluid delivery bag 18 when the two shells are screwed together, ant~rotation 

tabs can be attached to the outer edges of th1 platan -24. The tabs would BJtend out radialy to engage slots ii 

the waU of the fluid containing shel 16. The tabs would be guided in the slot, thus preventing the platen from 

5 turning with respect to the fluid containing shell h tias baan found that rotatably attaching the spring and platen 

to tha pressurizing shell is sufficient to avoid applying undesirable torque to the fluid delivery bag. The tabs and 

slots are not required. 

Because it is desi'abla ta have a device which allows the patient to ixamine tha volume of fluid still 

retained in the fluid defivery bag so that the patient can determine when the bag is empty, praferrad embodinants 

10 of the present Invention utilize a clear plastic window 38 in the bottom af tha fluid containing shel 16. Dua to cost 

and safety considerations, especially preferred ambodinentl of the pr•sant invention use a cllar plastic, such as 

polycarbonate, as the window material A legend such as the ward •Empty" ar "E. or soma other symbol is 

embossed on the bottom side of the platan 24. ·Advantageously, the legend will be fuzzy or legible when viewed 

through 1he alastomaric disk and transparent window when there is liqUid in the fluid delivery bag. Whan th1 bag 

15 has been emptied and tha platen ies flat against the layers of tha bag, disk and the bottom of tha chamber 17, the 

legend on the platen 24 comes into focus through the bottom of the fluid containing shal due to the transparent 

nature of the fluid delivery bag and the 1:1ntact clatity of the disk. This can be used to provide a clear indication 

of when the fluid bag is empty. It has bB1n found that a smaU am1unt of smcona oil between the window and the 

disk wil enhance the clarity. 

20 To the extant possible, it is desirable to maintail a relitively constant flow rate throughaut an infusion with 

the platen pump. In order ta mininiza changes in the internal pressure within the fluid delivery bag, it is important 

that the surface area of contact between the ttag and the rigid surfaces pressing against it be kept constant.· In 

accordance with the present invention, the bottom ot the chamber 17 in the fluid containing shell 16 is contoured 

to evenly support the bonam of the bag over its entire area. Thus, the surface contact against the bottom of the 

25 bag ramains constant during the fUll stroke of the platen. In the figures, a curved contour is shown about the 

periphery of the chamber 17. The bag 18 when filed with fluid matches this curved contour to receive support ovar 

its entire area. The contour of tha chamber 17 could also be achieved with a 450 angle about the periphery. WhDe 

the bag 18 might not complately fll the comer formed by the angle, the contour of tlte surface areas shoold be 

adequate to provide substantial suppcnt and contact with tha bag's entire area. 

30 It is also important that the contact area of the platen 24 against the bag remain constant. Therefore, 

the platen 24 has a bottom flat surface which does not extend bayond a flat central portion of the fluid delivery 

bag. If only the flat portion of the platan ware to act on the bag, a residual fluid would remain in the bag about 

its periphery at the end of the infusion. In order to more completely deliver tha fluid from the bag, the platen has 

a chamferJd edge 40 and a recessed outer ring 42. These portions of the platen roughly match tbe contour of the 

35 periphery of the bottom of the chamber 17. A platen 24 with a periphery that confonns mDre exactly to the cDntour 

of the chamber bottom could also be used. Near the end of an infusion, as the platen 24 descends towards the 
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chamber bottom, fluid which builds up about the periphery of the bag 18 is pushed out by the edge 40 and the 

recaued ring 42. 

An opening 30· is provided in the fluid-containing shel through which the outlet tube connected to the fluid 

delivery bag 18 can be extended. An outir wal 32 of the fluid containing shel can be provided to serve as a grip. 

5 Whlin screwing the sheUs togather, ona hand holds the outer wall of the pressurizing ahaR and the other hand holds 

the outer wal 32 of the fluid containing shell 16. 

These two sheUs of the pump are circular in shape to permit 1hreadable engagament. Referring naw to 

Figure 7, the fluid delivery bag 18 for usa in the platen pump.is a circular pouch connected to an outlet tube. The 

· circular pouch, advantageously. has no comers. Thus, the seam 44 of the bag is uniforrnly straued. Ta assist in 

1 D achieving uniformity af pressure in the bag, the periphery of the bag has a curved contour when Hlad. The canter 

portion of the hag is substantially flat so that the contacting surfaces between the platen and the bag can remain 

relatively constant throughout an intusion. The bag is made from a suitable pliable biacompatible plastic materia~ 

such as a class VI, PVC biocompatibla plastic. The bag is farmed from two sheets that are RF welded together and 

trinmad around their circumference. The round shape of the bag achieves uniform Stress on the welded seam. 

15 Tha outlet tuba 20 is connected to the bag 18. The tuba 20 may lead ~o a restricted orifice 46 which 

restrains the flow of fluid from the dalvary hag when it is pressurized. Orifices of .004" to .DOB• diameter are 

presently contemplated. In order to prevent the orifice from becoming blocked. an aptienal particulate filter 48 can 

be inserted in the outlet tuba to stop the flaw of particles which might occlude the orifice. The orifice provides a 

relatively constant fluid flaw. As an alternative to the restricted orifice, a length of tubing of known diameter, e.g., 

21t an 18 inch langth of .015• tube can ba substituted. In order to facilitate filing the fluid .delivery bag, a Y-injectian 

site 52 may be inserted ilto the outlet tuba 20. The Y·injection site 52 includes a latex rubber self-sealing septum 

54 through which a needle may be inserted to inject fluid into the bag. As an alternative, a second filing port {not 

illustrated) may be added ta the bag. 

The end of the outlet tuba can be connected ta a luar adapter 50. The adapter is a thraadabty engaged 

25 connector. It is designed to mate with a thraadably engaged disconnect on an IV Hne. In order to pennit reusabUity 

of an infusion set, the outlet tutie 20 of the fluid delivery bag can be directly connected ta a second luer adapter 

50 (not Blustrated) BJ!proximataly 3 inches from the drug bag. A clamp would be used on tht tube between the bag 

and the luer adapter 50. Fluid may ba itjattad in through the luer adapter 50 so a Y-injaction site would not be 

11eded. Whan the drug has been expanded, 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 practi:ing the invention, the clamp 34 is usad to close the outlet tube on an empty drug delivery bag. 

A needle pierces the septum 54 to inject fluid into the drug delivery bag. The bag when . fuD should have a 

substantially flat top and bottom central portion when rasting on a flat surface. The needle is removed. The bag, 

with its permanently affixed IV lne, is placed in the chamber 17 of fluid cantaining shaU 16 with the IV rma passing 

35 through the opening 30 in the bottom of the shell Whan the upper and lower shaHs are brought together, th~ 

threads should preferably engage initialy before the platen 24 pressurizes the bag. The two shells are then simply 
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screwed together until a stop position is reached. At this point, the drug bag is fuHy pressurized. The IV uutput 

6ne is purged of air by opening the clamp 34 and allowing fluid to flow. Once the fluid stream ejects slightly, the 

tube can be reclampad. The output line is than connected to a catheter line or needle for administering an infusion 

to a patient. Releasing the clamp initiates fluid flow. Whan the legend on the platen 24 comes llto focus through 

5 the window 38 _in the fluid containing shaft 16, the bag has been emptied. The output line is removed or 

disconnactad from the patient. The two shells are then unscrewed and the drug container and IV line are discarded. 

Tba pump can ba reused. 

Referring now to Figures 8, Ba end Bb, an altnate embodinent of the present invention illustrated. The 

numerical labels in the drawings are 100 ligher than corresponlmg elements in the first embodiment. When it is 

1 O desired to use a conventional rectangular drug deivery bag 188, the alternate embodiment can be used. The fluil 

containing shell 116 of the alternate embodiment is providad with a rectangular chamber to accommodata tha 

rectangular drug delivery bag. The fluid contaiting shel 11 B is fanned by an upper portion 152 and lower portion 

154 attaehad at ona and by a hinge 156. The opposite ends are con .. cted by a latch 158 when the upper and 

lower portions are closed. The upper portion 152 includes a threaded cylindrical wan 119 for interfacing with the 

15 threaded waR 113 of the pressurizing shaD t 12. The platen 124 attached to the spring 114 of 1he pressurizing shaU 

112 is made rectangular to fit over the substantially flat center portion of the rectangular bag. 

To operate the platen pump of the alternate embodiment, the pressurizing shel is unscrewed and loosened 

on the fluid cantaining shell The fluid containing shall is opened about its hinge or sflding means. A fluid dalivery 

bag is in.11rtad. The fluid containing sheU is dosed.at its latch. The pressurizing shel can then be screwed onto 

20 the fluid containing shaH to pressurize the drug delivery bag. 

In accordance with· a further aspect of the prasant invantion, there is previdad an infusion pump having a 

platen which is divided into two or more segments. Pteferably, each segmant is provided with an Independent biaftlg 

means for compressing each respective 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 surface contact area between the platen and the ·bag. As ~as bean previously iiscussed. ·tha 

maintenance of a substantiaUy constant surface contact area has been determined by the invantors herein to promote 

constant outpUt pressure performance. 

R.rerring ta Figures 9· 12. there is disclosed a dual concentric platen embodimrnt of the infusion pump in 

accordance with the present invention.· Infusion device 160 is provided with a. housilg 162, comprising ·a cover 

30 portion 164 and a base 166. As with previous embolments, the cover 184 and base 166 are preferably formed 

in accordanca with connntional techniques for tha production of medical device housings, such as injection molding 

of thermoplastic or thennosat polymers. Alternatively, any of a variety of other techniques may be utilized, including 

fabrication from sheat metal stock, as wHI be WJll undarstood by one of skiH in the art. 

The cover 164 and bise 166 can ba secured together in any of a variety of manners disclosed elsewhere 

35 herein. far example, cover 164 and base 188 can be provided with complementary surface structures such as ma~ 

and female engaging threads. For this purpose, besa 166 is provided with an annular, axially extending wan 170 



5 

10 

W097/34651 PCT/US97/04400 
• 11-

to provide an extended surface contact area between the base t66 and cover 164. Altematiwely, the contacting 

surfaces of the cover 164 and base 166 are provided with comprmentary pins and J. or l·shaped greoves to permit 

a press-and-twist fit interlock. Any of a variety of alternative interlocking structures may be utilized with the 

multiple segment platen embodiment of the invention. 

Depending upon the typa of spring retraction structure utUizad, the base 166 and caver 164 may or may 

not need to be ramovably connected. For example, in a side leading embodiment, base 166 and cover 164 may be 

intagraly formed or permanently secured together during the manufacturing process. In this embodinent, an opening 

is provided in the side wiB to permit introduction Df a med"ication bag batwean the retracted platen and base as wHI 

be discussed. 

In general, base 166, annular wan 170 and cover 164 cooperate to form a chlmber 172 fDr containing the 

functional components of the infusion device 160. In the iHustrated embodiment, a first platen segment 176 is 

biased against a medication bag 174 by means of a coD spring 178. Platen segment 176 is provided with an axially 

extending spring guide 184, which may comprise an axiaRy extending annular wal or a plurality of axially extending 

projectiDns. Spring guide 184 assists in maintaining the axial a6gnment of the spring 178 during repeated tensioning 

15 and discharge cydes of the iifusion device 160. The spring guide 184 may alternat~aly be positioned on the radialy 

interior sida of spring 178. as waU as on the radial exterior or radial interior side of the spring but depending from 

cap 164. as wm be apparent to one of skiA in the art 

The firlt platen segment 176 is provided with a radiaffy outwardly extending annular flange 186 for 

cooperating with a radiaUy inwardly dncted stop 188 on second platen segment 180. S1op 188 is axially spaced 

20 apart from the plane of second platen segment 180 by a support 190, as·will be discussed. 

Second platen segment 180 comprises an annular ring positioned concantrically about the first platen 176. 

Second platen 180 is independently axially movable with respect to first platen 17&. and moveable from a first 

position spaced apart from the plane of fi'st platen segment 176 to a second position substantially in the plane of 

first platen segment 176. Preferably. second platen segment 180 is biased in the direction of medication bag 174 

25 by a second spring 182. 

A\though first spring 178 and second spring 182 are illustrated as substantially cylindrical in configuration, 

a conically shaped spring is also desirable for the reasons previously discu~d. In addition, alternative biasing means 

such as leaf springs, pressurized bladders, canisters of pressurized gas or the like may also be adapted for use in 

accordance with the mult~segment platen embodinent of the present invention. 

30 The Ulustrations contained in Figures 9-11 are simprlfied se~at to highlight the multiple platen aspect 

of the invention. However. a variety of additional features wiU generally be incorporated into a finished device. For 

example, a spring or platen retraction structure for ratracting the platen and limiting the distention of the spring in 

the absence of a base 168 or fhid bag 174 is also typically used. A variety of suitable retention structures are 

disclosed elsewhere herein, or wilf be immediately apparent to one of skHI in the an in view of the present disclosure. 

35 In a side loading-type embodiment, a spring retraction structure is particularly desirable. .· 



. ~ -

5 

W097/346Sl PCT/US97/04400 
·12· 

Fluid bag 174 is in fluid communication with the patient by way of effluent fluid line 168. fluid line 168 

extends through the housing 162 by way of a part 169. Moodication of the port 169 to accommndate the various 

relationships between the cover 164 and base 166 will ba apparent to one of skit in the art. AlternatNely. in a 

side loaditg embodinant of the multiple segment platen pump. the port 169 is preferably configured in the farm of 

a circumferentialy mending slot having a wide enough opening in the circumferential and axial directions to accept 

the appropriately sized fluid bag 174 • 

In genera~ tha fluid bag diameters contamplatad far use in accordance with tha prasant invantion ara in 

1be araa of from about 3.5 inchai in diameter to about 5 inches in diameter, and from about 0.5 inches to about 

1.0 inches thick. However, infusion pumps adapted to receive other sized bags can be nadily produced in 

10 accordance with the disclosure hlflin. 

Figure 10 ilustratas the configuration of the pump with a relatively full medication bag 174. Second platen 

180 compresses the radially exterior-most portion of bag 174 independently of the first platen 176. wllich provides 

prassura against the central ponion of bag 174. It has been determined by the inventors herein that the. provision 

of this bifurcated biasing allows a surprisingly more constant pressure output profile compared t_o the use of a planar 

t 6 single flat platen design. 

Figure 11 •stratas the· configuration of the device when the medication bag 174 is approxinately one-half 

empty. and Figure 12 illustrates the device when the fluid medication bag 174 has bean substantially completely 

amptiad. 

In a dual segment platen embodinent designed for use with a 3.5-inch diameter, 112 inch thick SO cc 

20 medication bag 174, the first platen 176 has a circular contact surface having a diameter within the range af tram 

about 2.2 to about 2.8 inches. Thi bag contact surfaca on second platen 180 is in the form of an annular ring, 

with tha width of the ring at any ona point being within the range of from about 0.4 to about D. 7 inches. The 

ovaraR outside diameter across the entire second platen 180 is approximately equal to the exterior diameter of the 

bag. 

25 The relative extant to which the second platen 180 can travel distally along its path of travel with respect 

to the fnt platen 176 is limited by the axial hiigbt of the suppon 190. In an embodiment having a bag which is 

approximately one-haft inch thick when full, the length of the support 190 is about 0.4 inches. 

In accordance with a further aspect of the present invention, there is disclosed an altarnate multi-segment 

platen embodiment at Figures 13-17. Referring to figure 13, infusion pump 192 comprises a housing 194 having 

30 an upper wall 196 and lower waU 198. Upper wall 196 and lower waD 198 may be rigidly secured with res_pect 

to one another, or ramovably secured with respect to one another such as by thraadable engagement or other 

previously disclosed means. 

Upper wall 196 can be substantially planar throughout the width af the pump 192, or, as iUustrated in 

F°igures 13-15, can have a subatantially planar central regiDn and a slopad annular resion 197. Sloped region 197 

35 ·is provided on the interior surface with a peripheral spring guide 211. which is preferably an integrally molded annula~ 

ring. 
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A chamber 200 is formed between upper wan 196 and lower wan 198 to receive the functional components 

of tha infusion pump 192. A platan 202 is movably diiposed between uppar waft 198 and lower wall 198. Platen 

202 comprises a centrat region 204 and a peripheral region 208. Referring to Figure 18, a multi-segment peripheral 

region 206 is Dlustrated. 

Central region 204 is biased in the direction of lower waU 198 by at least one cefttral spring 208. Central 

spring 208 is preferably maintained in position with the assistance of central spring guide 209, which may comprise 

a plurality of axially extending projections or an annular ring. Alternatively, spring 208 can seat within an annular 

recess disposed on the spring side of central region 204 of platen 202. 

The peripheral region 206 is biased in the direction of lowBI wan 198 by one or more peripheral springs 

10 210. Although each of the peripheral segments 214 can be provided with independent biasing means, a silgle 

annular peripheral sprinu 210 has been determinad to perform satisfactorily in embodinnts of the prasint invention. 

An approximation of the deflation cycle is iustrated in F11ures 13· 15. At the completion of the infusion 

cycle, the platen 202 is biased against the lowar wal 198 to substantiafty completely expel al of the contents of 

the fluid bag. In this embodiment, the lower wal 198 is provided with an axiaHy upwardly inclined peripheral zone 

15 199, which is dimensioned to be complementary with the peripheral region 206 on platen 202. 

Referring to Figura 16, each of the peripheral segments 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 stil accomplish 

the objectives of the present invantion. For uampla, the antire platen 202. can be formed from a shaet of material 

having sufficient tlexibifrty that the biasinu forces due to central spring 208 and peripheral spring 21 D will deform 

20 the platen, as illustrated in figure 14. Preferably, however, the hinue 215 comprises a relatiyely more flexible zone 

than the surrounding material of platen 202. This may be provided. for axample. by reducing the thickness of the 

platen material in the region of each hinge 215, as illustrated, for example, in Figures 13-15. Alternatively, the 

cantral zone 204 can be formed separately from the peripheral segments 214, and assembled thereafter such as by 

mounting the central zone 204 and pB1iphetal segments 214 on a flexible sheet of material reduced thicknesses 

25 can be produced by injection molding of the platen. Any of a variety of _stamping and/or milfing or grinding 

techniques may also be utilized to produce an annular 9roove in the material of an integrally formed platen 202. 

Referring to Figura 17, there is disclosed an alternate embodiment of the platen 202. particularly adapted 

for an infusion pump designed for ua in an octagonal housing. 

Spring rates and lengths may be ulacted to complement the respective surface areas of the central and 

30 peripheral zones to achieve the most acceptable internal bag pressure. 

Referring to Figures 18·20. there is disdosad a IBYB18ft assisted spring retractor for load"11g an infusion 

pump 216 in accordance with the present invention. The sprint nrtractor is conveniently operated by a patient 

actuated llYer, to retract the platen against tha spring bias into the .. ready" position. The fluid medication bag may 

thereafter be easily inserted either through a side opening on the device or by removing the bottom shell. 

35 Referring to Figure 18, infusion pump 218 is provided with a spring retractor 218. Spring retractor 21~ 

is operated by lifting a patient actuated lever 220, which rotates abouts fulcrum 222 on the housing ef the h.tusion 
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. pump 216. The lever 220 extends thrDugh an opaning 223 into the uppar housing 232, and is thereafter provided 

with a ramp 224 such as a cam Dr othar structure having a surface for slidably engaging a pin 230. The pin 

engaging surface of ramp 224 is prafarabty provided with friction anhancing surface structures such as a plurality 

of teeth 225. In this manner. the lever can be released by tha patient at any paint throughout its ranga of travel, 

5 and the teeth 225, pin 230 and curvature of ramp 224 cooperate to retain the partially retracted lever in position. 

Pin 230 is connected to a suppon 228 for transferring force to the platen 226. Although illustrated as 

a unitary platen 226. the spring retractor in accordance with this aspect of 1he present iavantion can ba readily 

utDizad with the dual platen embodinent which has previously bBBn disclosed. 

Ta facHitata lifting of the lever 220, the IBV8f 220 extends slightly beyond tbe outer periphery of the 

10 housing 232 to prDYide a tab 221. Altsmatively, any of a wide variety of friction anbancing or gripping surface 

structures can ba provided, as wl be apparent to one of skUI in the art. 

In eddition, the cam configuration is preferably such that the lever 220 has a minor amount of free play 

before the friction enhancing structures 225 engage the pin 230. In this manner, the lever 220 can be readDy lifted 

stightly away from the upper housing 232 so that the patient can easily position fingers underneath the lever 220 

15 before retracting the lavm against the resistance prDYidad by spring 231. 

The spring retractor 218, in accordance with the present invention. can be utilized with any of a variety 

of housing structures. For example, in the embodiment illustrated in F19ures 18·20, the housing comprisas an upper 

housing 232 remOYably secured to t lowm bousilg 234 · by way of a plurality of threads 236. When the lower 

housing 234 is threadably removed from the upper housing 232, the combination of the ramp 224, pin 230, support 

20 228 and platen 226 operate to limit the axpansion of the spring to ratain the desired prestrassing. Thus, tha housing 

caB be disassembled. with the platen eithar in the axt1nd1d or retracted positions, and a fluid medication bag 235 

can be placed within the lower housing 234. 

Since reassembly of the lower housing 234 with upper housing 232 is not apposed by any torce from the 

spring 231, any of a wide variety of securing means can be utizad in place of the illustrated threads 236. for 

25 example, snap fit structures, binge and latch arrangements, and the Ike . cmt be readily adapted for use. 

Alternatively, side installation embodiments are also contemplated by the present inventors. for example, the upper 

housing 232 and aowar housi'lg 234 can be integrally molded, or can ba secured togatbar in a permanent fashion 

foftowing instalation of the functional components. A port fno1 ilustrated} on tha side of the housing is then 

apprapriately sized to receive a fluid medication bag 235 therathrough. 

30 The embodiment illustrated in Figures 18·20 provides a uniquely low profie infusion pump 216, which may 

be read"lly loaded by the patient without the use of any additional tools. and which has a thickness of only sightly 

greater than the sum of the inflated medication bag and the length of the coUapsad spring. 

figures 21-24 illustrate a kay operated platen retractor in accordance with a funher aspect of the present 

invention. Referring to F"igure 21, tbare is disclosed an infusion pump 238.having a key operated p!aten retractor 

35 240 thereon. Platen retractor 240 comprises a threaded member· 242 such as a disk, which is connected to the 

platen 244 by way of a spacer 246. As wil be appreciated by one of skill in the art, the thriaded element 242 
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may comprise either a disk having an external thread on the circumferential surface thereof, or an aperture bored 
axially through spacer 246 and provided with. a female thread for receiving a threaded key. 

Referring to Figure 22. a key 248 is proYided for threadably engaging the threaded disk 242. Key 248 is 
provided with an aperture extending tharethrough, and having a female thread thereon. 

5 . Threaded disk 242 operatu as a stop by abutting against a portion of the housing, theraby liniting axial 
expansion of the spring. in this maMar, the spring can be prestressed as desred. 

Preferably, the threaded disk 242 is axialy movably positioned within a wel 250. Wei 250 serves multiple 
functions, including permitting the loadad infusion pump 238 to retain the same exterior profile as the discharged 
infusion pump 238, as illustrated in f"qpns 23 and 21, respectively. In addition, the lower limit of the wen 250 

1 D operates as a stop to prevent further expansion of the spring. Additionally, threaded disk 242 can serve as a fiquid 
level indicator. 

In use, the user inserts the key 248 into the wen 250, and rotates the key ta engage the threads an disk 
242. Continued rotation of the key draws tha disk axially against the bias provided by the spring, until the platen 
is in the fuBy retracted state. When fully retracted, tha platen abuts the lower waH of the recess 250, as illustrated 

l 5 in Fiaura 22. At this point, the lower portion of the housing can either be removed for installation of a fluid 
medication bag, or the. fklid medication bag can be initahd through a lateral or side entry port. It is therefore 
preferable that the distance between the platen when fully retracted and the bottom of the housing be slightly 
greater than the thickness of the Hied medication bag, so that the bag. may be conYlniently s&dably positioned 
therebetween. 

20 Once the bag is in position, the usar simply reverses the direction of rotation of the key, and spins the key 
to ·remove it from the threaded disk 242. Once the key is partially backed off of the threaded disk 242, the 
medication bag wftl be under pressure exerted from the platen 244. 

Referring to Figura 24, thare is disclosed a loaded and pressurized fluid medication delivery pump 238, 
sinilar to that iRustrated in figures 21·23, and including some additional detaffs. For example, the cross·sectional 

25 view of the threads 252 reveals that the 1hread hes a width which changes ~om a relatively narrow dinansion at 
the point of attachment of the thread to the corresponding support structure, to a relatively wide width at the tree 
end of the thread. Similarly, the channel for receiving each thread is provided with side walls which taper towards 
each other in a cflrlCtion extending away from the bottom of the channel In this manner. the threads are provided 
with a full or partial interlocking fit, which will pennit the use of thinner, more flexible construction materiafs for 

30 the side waUs of the housing, while mininizing the risk that plastic deformation of the side. walls under bias from 
the spring wiU cause the threaded side walls ta disengage from each other. 

In addition, an annular platen guide 2S3 is provided to optimize the precision of the axial travel of the 
platen 244 throughout the tfispensatian and reloatfmg cycles. Platen guide 253 cooperates with an annular spring 
guide 254. Platen guide 253 and spring guide 254 in one preferred ambodinant comprise concentric annular flanges 

35 which are axially movable towards and apart from each other in a telescoping fashion. 
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An altemata means for connactilg the spacer 246 to the platen 244 is also disdosed in Figura 24. 

Although the spacer 248 may be integrally molded or otherwise formed with the platen 244, the spacer 246 may, 

for manufacturing reasons, preferably ba separately manufactured and later connacted to the platen 244. This may 

be convenisnt from a manufacturing standpoint or because of the dasirabDity to utilize different construction matarials 

5 for the platan and tha spacer 246. 

For example, raferrilg to Figure 24, the spacer 246 axtends through an aperture in the platen 244. A 

shallow recess 249 is provided on the medication bag side of the platen 244, and preferably is radialy symmetricaJJv 

disposed about the axis of the spacer 248. Recess 249 receives an anchor 247 on the and of spacer 246. Anchor 

247 may be an integrally formed disk or sheet on the and of spacer 246. Alternatively, anchor 247 is secured to 

10 spacer 246 in a post-fonnilg operation. such as by spot welding, so1Yen1 bonding, thermal bonding, or attachment 

by screws or other fastening maans. 

In a preferred embodiment, the threaded disk 242, spacer 246 and anchor 247 are aU manufactured from 

a suitable non-corrosive metal such as stainless steel to minimize the occurrence of stress fatigue following repaated 

usage of the infusion pump 238. As Blustrated in Figura 24, anchor 247 is preferably seated within recess 249 in 

15 such a manner that a smooth exterior surface is provided for compressing the fluid me!lication bag. 

The overaU thickness of the infusion pump 238 can be reduced by incorporating a caUapsible platen. 

retractor and restrainer. For example, referring to Rgures 25 and 26, there is disclosed an infusion pump 256 having 

a coUapsible platan retractor 258. Ct1Uapsible retractor 258 generally comprises a first segmant 260 which is axially 

movably disposed with respect to a sscond segment 282. The first segment 260 and second segment 262 are 

20 assembled in such a manner that thBJ operate to limit the distal travel of the platen as illustrated in Figure 26. In 

this manner, the base of the infusion pump can be ramovad, and a medication bag inserted therein, while the 

coHapsi'ble platen retractor 258 retains a prestress on tht spring. 

In the illustrated ambodinent, first segment 260 is conveniently provided in the fom of a tubular body 261 

haviilg a longitudinal axis which utands at a perpendicular to the plane of platen 268. The tubular body 261 of 

25 fnt segment 260 may ba integreUy molded with the platen 268, or secured thereto using convanticmal techniques 

sufficient to withstand the forces oanmated by tbs spring for any given embodinent. The proximal end of the 

tubular body 261 of first segment 280 is provided in tha lluatrated ambodimlnt with a radialy inwardly directed 

flange 283 which operates as a limit on travel with respect to second segment 262, as will be discuned. 

Second segment 262 in the Rlustratad ambodinent comprises an elongate body ponion 264 having a first 

30 end 265 and a second end 288. Preferably, first end 265 comprises a transverse element, such as a disk. extending 

ganeraHy in a plaJll which is transverse to the longitudinal axis of body 264, and adapted for·raciprocal axial motion 

within a racess · 267 provided on the housing of infusion pump 258. The racess 287 terminates in a stop such as 

· a radiaHy inward1y directed annular flange 269 for biting travel of the disk shaped first end 285. Sae Figure 26. 

SimDarty, tha second and 266 of body 264 is previdad with an enlargement for cooperating with the flange 

35 263 on tubular body 281 to limit the extension of the platen 268. Thus, second end 266 preferably comprises one 

or more barbs having a ramped distal surface, and a proximally facing shoulder to cooperat1 with flange 263 as is 
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illustrated in Figure 26. In this embodiment, second end 266 is generaHy in the form of a rounded screw head, 

having a slot 270 extending axially therein. This design permits easy assembly of the components of the invention, 

such that the second end 266 can be press fit through the opening within annular flange 263, to provide an axially 

movably in1arlocking fit between first segment 260 and second segmen1 262. 

5 Retraction of the platen 288 against the spring bias in the embodiment fllustrated in Figures 25-26 can be 

accomplished in any of a variety ot ways disclosed elsewhere herein. For example, first end 265 can be provided 

with an exterior thread, for threadably receiving a key such as that illustrated in Figure 22. In this manner, first 

and 265 can be drawn axiaUy. against the direction of force generated by the spring, to retract platen 268 to the 

position illustrated in figure 25. At that time, a medication bag 272 is inserted into the pump 256 such as by 

10 insertion through a lateral opening, or by removal of the base of the pump 256. following introduction of the 

medication bag 272, the key {not Rlustrated) is removed from the first and 265. As illustrated in Figure 25, the 

second segment 262 can thereafter be slidably colapsed within the tubular body 261 of first segment 260, to 

provide a sleek exterior profile of the infusion pump 256. 

Alternatively, any of the additio!lal retractio!I structures disclosed herein can also be incorporated into the 

16 present embodime!lt. 

20 

Referring to Figures 27·29, there is disclosed an ultra-flat spring powered pump comprising at least one 

spring 274, positioned within a housing 276 far biasing a platen 277 against a base wan 278 for compressing a 

fluid medication bag tharebetween. Platen 277 is retracted against the force of the spring 274 by a rotatable 

retraction mechanism 279. 

Preferably, retraction mechanism 279 comprises a threaded shaft 280 which is rotatably finked to platen 

277. This is ·conveniently accomplished by providing. a radiaRy enlarged anchor 289 on the end of shaft 280 and 

· positio!ling shaft 280 through an opaning in platen 278 which is too small to permit passage of anchor 289; as 

ilustrated. 

The proxinal and of shaft 280 is adapted to receive a crank 281 to permit the patient to rotate the 

25 threaded shaft 280 to retract platen 277. In tht lustrated embodiment, an opening in the upper portion of the 

housing is provided with a complamentary female threaded surf ace for cooperating with the threads an threaded shaft 

280. 

In this ambod"nnent, the platen 277 is retracted by rotating the threaded shaft 280 so that a medication 

bag 282 can be instalad betwaan the plate" and the base. Thereafter, in order to reduce the profHe of the p1111p, 

30 the threaded shaft 280 may be rotated in a raver~. direction to advance f uDy or partially axially back into the 

medication bag 282 as ilustrated in Figura 29. fer this purpose, madicition bag 282 preferably comprises a material 

which will permit the flexible deformation ilustrated in figure 29, and the volume of fluid clintained in the medication 

bag 282 should ha sufficiently low in relation to the elastic 6mit of the bag, to accommodate the displacement 

iRustrated in Figure 29. 

35 Referring to Figure 30, there is disclosed an end elavational view of an infusion pump such as tha_t 
. . 

iUustrated in Figures 27-29. As illustrated therein, a scale 283 provides an indicium of the relative status of the 
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pump throughout the dispensation cycfe. ln the llustrated embodinant, the platen 2n, or an extension af the platen 

277 is visible through an openilg 284 on the side of the housing. Status indicium 285 are provided on the side of 

the-housing for slowing tha user to roughly quantitatively-evaluate the remaining portion of the dispensation cycle. 

For example, in the illustrated embodiment, the scale 283 runs from 100 to zero. This scale may represent 

5 the percentage of remaining medicitian in the bag. Alternatively, in a deviCe which is dimensioned to accommodate 

a t DO cc delivery bag, the scale could indicate remaining mililiters of medication. In an embodinent having a single, 

known flow rate and medication volume, tha indicium 285 can be provided in units of tine such as hours or minutes, 

reflecting the remaining time of the dispensation cycle. 

Also illustrated in Figura 30 is an ahernative crank arrangement far retracting the platen 277. Crank 286 

10 is pivotally attached to threaded shaft 280, so that it can be conY&nimtly moved from a fhst compact pasition 287 

such as duri'tg storage or use, to a Silcond ready poiition 288 in which the crank is positioned for use in retracting 

the platen 277. 

Rafening to Figures 31-33, there is distlosad an alternate embDdiment of an infusion pump having a 

colapsibJa, segmented, platen retraction and mention structure. This ambodinant ·permits tba use of a threaded 

15 retractor such as that Ulustratad in figures 27·29, yet permits the threaded retractor to. be reinserted into the pump 

. to provide a generally smooth utarior configur1tion, without indenting the medication bag. 

Referring to Figura 31, a first segment 290 preferably comprisas a threaded post which engages 

complementary threads in an opening in the top of tha pump housing, so th~t rotation of tha threaded post draws 

the post axially through the opaning of tha housing. First end 292 and second end 293 of first segment 290 are 

20 provided with an enlargement such as a disc·shapad stop, for reasons which have been previously discussed, for 

example, in connection with the emboaanants lustrated in Figures 25-29. SimHarly. second segment 291 preferably 

comprises a tubular •mant analogous in structura and function to the segment 260 llustratid in figure 25. · In 

either embodiment. however. a varietY of ahemativa stiln:tures for retracting and restraining the platen such as only 

partially indenting the madication bag, wm be apparent to those of skHI in the 111 ill view ot the disclosure herein. 

25 Referring to Figura 32, rotation of the threaded shaft 290 draws the _platea agailst the bias provided by 

the SPJing, to produce an opening for receiving a fluid medication bag. In the iDustrated embodinent, two col springs 

an Illustrated in cross section. However, anywhere from about one tO about five or more springs can readDy be 

incorporated into a design of tha present invention. 

Thraadad past 29D can be rotated using any of a variety of implements. such as an aUen wrench. a crank, 

30 a rotatable nut, an electric drHt or others as wiB be apparent to one of skil in the art. . 

The dimensions of tha embodiment lustratad in Figures 31-33 can be varied throughout a considerable 

range, depanding upon the desired voksme of medication to be infused in a given dispensation cycle, as wel as other 

considerations that win be apparent to one of skftl ill the art. In ganaral, however. the thickness of the pump along 

an axis parallel to the longitudinal a.xis of the spring is prsferably 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 ambodinent adapted for receiving a D.5-inch thic~ 
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medication bag. In this embodiment, the distance between tbe retracted platen and the base is preferably about 0.6 

inch, to permit sufficient cl.earance to easily instaU a medication bag. 

Preferably, as discussed in connection with Figures 27·30, the edge of the platen is Yisibfe throU(Jh the 

opening 294 or otber window to permit tha user to assass the ramaining fluid voklne in the medication bag. 

5 Ritraction of the platen in order to.. fliCilitate Introduction of a medication bag can alternatively be 

accomplished through any of a variety of hydraulic or pneumatic means. For example, referring to figuru 34 and 

35, there is provided ·a pnaumatic lift far moving the platen from a second distended position to a first retracted 

position to facilitate introduction of a medication bag. In this embodiment, there is provided one or more pneumatic 

cylinders 296 for advancing the platen against the bias provided by one or more springs 297. Pneumatic cylinder 

10 296 generally comprises a housing 298 for defining a chamber 299, having at least one movable wan 300 axially 

sidably disposed within the housing 298 to enla111e or contract the voluma ef chamber 299. Movable waU 300 is 

mechanically linked to platen 302 by a spacer 301. Movable wall 300 is provided with any of a variety of known 

seaing rings or other means tor providing a seal between the movable waU 300 and housing 298. 

At least one port 303 is provided on the housing for communicating with the chamber 299. In operation, 

15 . a source of a pressurized material such as a fluid or gas is placed in communication .with port 303 and forced into 

chamber 299 undar sufficient pressure to advance waU 300 against the force resulting tram one or more springs 

297. 

In a preferred embodiment, two or more pneumatic cylinders 296 are provided. Thus, for example, thare 

is disdosad in Figura 35 a top plan view of an infusion pump having seven pneumatic cyrmders 296 positioned about 

20 the plriphery of a medication bag. To facitate retraction of the platen by infusing pressurized fluid or gas through 

only a single part 303, each of the chambers 299 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 296 are provided, each having an internal 

diameter of about ona-half inch. This praVides a surface area on movable wal 300 of approximately .196 square 

25 inches per pneumatic cvlinder, for a total of .784 square inches for the set of four. To provide a lft of 150 pounds, 

assuming no friction. a fluid will need to be intrudui:ed into port 303 at appnixinately 190 psi. By doubling the 

piston area to 1.57 square inches, such es by providing eight pistons instead of four, the required pressure of the 

pneumatic fluid dropa to about 95 psi. A variety of pressure sources can be utilized, as is discussed h!fm. 
Alternatively, referring to fvuras 36-38, there is disclosed a pneumatic retraction embodiment in which one 

30 or more flexible bladders are utilized to provide tile force· necessary to retract the platen ·against the spring bias. 

Thus, referring to Figure 36, there is disclosed a top plan view of an embodiment of the present invention haying 

two elongate tubular bladdars 308 in communication with a fiR port 308 by way of luman 307. As illustrated in 

figures 37 and 38, inflation of the bladders 306 advances tha platen against the spring bias provided by one or more 

springs 309 to provide sufficient space batwaan platen 310 and base 311 to accommodate a fun medication bag 

35 312. 
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Any of a Yariety of configurations for bladder 306 may be utilized in accompbhing the present embodiment 

of the invantion. In general, the bladder comprises one or mora alongate tubular bodias hiving a diameter which is 

sufficient in its inflated stats to provide a sufficient distance between the platen 310 and base 311 to accommodate 

the medication bag 312. The axial length of the bladder 308 wiH depend upon the size of the madication bag 

5 contemplated, together with factors such as the maximum acceptable pump· housing size, and the maximum 

acceptable pressure required to retract the platen. In general, the larger volume of bladder 306 wll enable the use 

of less compressive force to retract the plat an, but will require a larger housing as will be apparent to one of skiR 

in the art. 

Motive force for tiling the bladder 306 can ba provided in any of a variety of ways, utilizing either a fluid 

10 er a gas madium. For example, the fl port 308 can be provided with a luer connector or other conventional means 

fer establishing fluid communication with a conventional syringe having a volume sufficient to inflate the bladder 306. 

The syringe may be f•d with water, or air,· dapending upon the relativa force characteristics of the bladder and 

spring. In the hospital or clinical setting. pressurized air from a house compression system, such as is commonly 

available through a wan outlet in tha patient's room, can be utized. Alternatively, compressed C02 cartridges or 

15 other convenient sources of pressurized air or riquid i:an be readily utHized. 

20 

Referring to Figuras 39-41, there is disclosed a further embodiment of the infusion pump in accordance with 

the present invantion. In this embodiment, retraction of the· platan is accampDshed by the use of a thraadad key, 

as has baen previously discussed, and the ovtran tbicknns of the infusion pump is minimized through the use of a 

folding ink &ft mechanism. 

In this embodinent, infusion pump 314 is prOYidad with one or moll springs 320 for biasilg a platen 316 

in tha direction of base 318, as has bean previously discussed. In order to limit the distal travel of platen 316, such 

as when· the base 318 is ramoved, and to retract the platen 316 against the bias provided by spring 320; a 

retraction and retention structure 322 is provided. 

Referring to Figure 42. the retraction and retention structure 322 generaly comprises a folding linkage 

25 assembly 324. The linkage assembly 324 permits the ralative mavamant of praximal end 325 and distal end 326 

betwean a first positiOn in which proximal and 325 ·and distal and 328 are spaced apart by • predetermined 

· maxinum distance, and 1 second position in which proximal and 325 and distal and 326 are spaced apart by a lesser 

distance. 

tn the embolfmant llustrated in Figure 42. tinkage assembly 324 is provided with a first segment 327, 

30 which is pivotably secured to the proximal and 325 such as by a pin 328. The distal and of linkage 327 is provided 

with a sip joint connection with a second linkage 329. The slip joint connection is conveniently accomplished by 

providing one of the first and sacond 6nkagts with an uially extending slot, and the other of the fi'st and satond 

linkages with a pin 332 for extending through the slot, together with en anchor such as a nut, soldered washer or 

pin tor preventing removal of the pin 332 from the slot 

35 The second linkage 329 is tharaafter pivotably connected to tbs platen 31 B, · such as by providing a 

proxinally extending flange on the platen 316 for pivotally engaging the distal end of the second finkaga 329. 
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Preferably, this embodiment is provided with a threaded plug at the proximal and 325 of folding linkage 

324, adapted to be raciived within a key 330, as has been discussed in connection with previous embodiments. 

Alternatively, other retraction structures such as a.lever can also be used in the present embodinant. Ona function 

of the linkage 324 in the thraaded plug embodiment is to resist rotation of the plug during rotation of the key. 

5 Thus, if an alternative to linkage 324 such as. a multistrand braided cable is used, some additional registering 

suucture should be provided to resist rotation of the threaded plug. 

In use, the threaded ptug is engaged within the key 330, and withdrawn by rotation of the key 330 to 

retract the platen 316 to the loaded position. While the platen is being retracted against the spring bias, the first 

linkage 327 and second linkage 329 become extended to their axial limit. 

10 After instaDation of the medication bag, the key is removed by reverse rotation with respect to the housing, 

and the finkage assembly 324 can be coUapsed bade into the housing, as illustrated in figure 41, by pressing upon 

the proximal and 325. Preferably, ralaasabla ratantion structures are provided for retaining the proximal end 325 

within or against the housing, to mailtain the euter profile of the pump· at a mininum during the dispensation cycle. 

For example, any of a variety of recesses and snap-fit in1emlationships between the proximal end 325 and the 

15 housing can be itcorporated, which take advantage of the plastic daformabifity of t~a materials of the housing. 

In accordance with one embodiment at this aspect of the present invention, the linkage assembly 324 is 

configured so that the maximum length between the proximal and 325 and distal end 326 is about 1.0 inches.. Thus, 

a coU 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 and of 1ha dispensation cycle. Preferably, the loaded infusion pump 314 will have a thickness 

20 of no more than about 1.2-1.6 inches, so that the collapsed distanca between proximal end 325 and distal end 326 

of linkage assembly 324 is within the range of from about .3 to about .5 inches. 

Linkages 327 and 329 can be manufactured in any of a variety of ways which will be wan known to those 

of Skill in the art. For example. rmkages 327 and 329 may be pressed or stamped from sheet metal stock, such 

as aluminum or stainless stee~ and tharaaher drilled or punched with tha appropriate slots and pivot holes, er may 

25 bt molded from any of a variety of plastic moldable materiab haring sufficient strength for this intended application. 

ln one embodiment of tha invention. linkages 327 and 329 are punched out of 0.1 inch thick stainless steal 

sheet. with a width of about 0.25 inches and a length of about 0.6 inches. The axial length of the slot is about 

OA inches, and pivots are formed using rivats, ·screws or the fike. 

In an altarnate embodiment, the first and second linkages are pivotally connected together without the use 

30 of a slip joint. This canstruction may axtend ·pivot 331 (Figure 41) farther in a lateral direction than pivot 332 

(Figure 42) when the platen is in the retracted position and the proxinal end 325 of linkage 324 is pressed back 

inside the housing. Depending upon other design parameters, as wil ba apparent, the embodimant of Figure 42 may 

be utilized with a relatively smaller diameter spring 320. 

As a further alternative, the linkage connection comprises a unitary link 327', as Ulustrated in Figura 43. 

35 As wi1 be apparent to one of skill in the art, the outer profile of en infusion pmnp having the lilkage 327' of Figure . 
43 wiD be relatively larger than an embodinant having a collapsible finkage assembly. In addition, compressive force 
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such as by the patient upon the threaded plug 325 in the embodinent illustrated in Figura 43 wift be additive to the 

spring forci, and potentially cause changes in the effklent fluid flow rate. Thus. this embodiment, although relatively 

simply ta manufacture, may ba desirably utilized only in cicumstances where the outer profla and compression issues 

are not of concern. 

5 The foregoing designs have bean determined by the present inventor to produce a relatively constant output 

profile throoghout tha dispensation cycle of dnicas incorporating thasi designs. However, nan with reasonable 

prestressing of the spring, output pressure generally declines over the dispensation cycle as the spring relaxes and 

the prassura contact area on the bag changes. Provision of a spring having a higher spring constant or higher 

pretension can change the starting farce and ending farce throughout a dispensation cycle, but genaraUy not 

l O appreciably flatten the output force or cantact area profit. 

1n a test where 1he internal pressure of the bag was maintained at a constant 5 lbs.fm2 while the contents 

ware delivered, it was found tha1 the force applied 10 the bag needed to be increased from 24 lbs. force at the 

beginning of the dispensation cycle to 40 lls. force near the completion nf the dispensation cycle. Sea Figure 60. 

Thus, in accordance with a further aspect of the present invention, there is provided an element for 

15 irtroducing a drag or resistance tu distal travel of tba platen to produce a flattening of the output pressure profile. 

Pref•ably, the amount of drag on the distal movement of the platen changes continuously over a partion or aH of 

the dispensation cycle, having a maximum value at the co11111encament of tha dispensation cycle and reaching a 

mininum vu at some point between the commencement and and of the _dispensation cycle. Preferably, the 

declining drag provided by the drag elements complements the decRning spring force throu9houtthe dispansation cycle 

20 in a manner that produces a substantiaDy flat net spring and bag contact araa and force throughout the dispensation 

cycle. Of the two, the changing bag contact araa is a graatef negative influence than the dacfning spring force. 

Thus, rafe"inl to figure 44, there is disctond an infusion pump 334 having one or mo;a springs 336 tor 

biasing a platen 338 against a medication bag 340. Platen 338 is provided with at least one drag element 342 tor 

contacting a friction element 342 throughout at least a portion of its axial length of travel Drag element 342 can 

25 be provided in any of a variety of forms, and can extend radially outwanRy within the plane of 1he platen 338, or 

be spaced apart axially from the plane of the platin, such as is illustrated in Figure 44. 

In the illustrated ambodimant, drag element 342 comprises an axiaUy extending support 345, having a 

generally transverse elamant 346 at the proxinal end thereof. Element 346 engages at least one friction surface 

344. which, in the Ulustrated embodiment, ramps ralf11fly autwardly away from elament 346 as the element 346 

30 .travels in the distal direction. Element 342 preferably comprises a resirrent material such as a rubber or other 

elastomer, such as neoprene. 

Element 346 and surface 344 can taka any of a variety of configurations. For example, in the illustrated 

embodinant, element 346 can take the shape of a circular disk, extending within a generally frusto-conicafty shaped 

well, having annular surface 344 extending around the welL Alternatively, surface 344 can be provided on only one 

35 side or opposing sides of a bHatarally symmetrical element 342. Retraction of platen 338 in the proxinat direction 
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forces element 342 against surface 344, to provide.a relatively tight fit, which dissipates as elelllent 342 is drawn 

axially in the distal direction. 

In a sinplified embodiment, the interior wa11 · of the pump housing is ramped or stepped slightly in the 

radiaUy inward direction along an or a portion of its interior circumfarance. This ramped or stepped region utends 

5- radially inwardly in the proximal direction, so that the smallest cross·sectional araa occurs at the beginning of the 

dispensation cycle. At that point, the radiaRy exterior edge of the platen 338 frictionaRy engages the step or ramp 

to provide a resistance ta distal travel which dissipates or disappears at some point along the distal travel of the . 

platen. 

In general, in a stepped friction surface ambodinent, the step wll extend throughout no more than about 

10 the first one half or one third of the travel However, the extant of friction desired and the rate of taper or location 

of the distal adge of the step wl vary dapending upon the spring constant and amount of prestress, and the bag 

contact area, and can be optinizad far any parti1:11lar embodiment through routine expermantation by one of skill 

in the art. 

In accordance with ene embadiment of the present invention. a drag element is constructed as shown in 

15 Figura 44. A 50 cc medication bag is ilserted within tha infusiun pump, and the ~hange in spring force exerted 

against the bag, as wall as the drag due to the resistance element, are maasured at each l 0-cc increment of fluid 

20 

25 

dispensation. The foHowing results are obtained: 

TABLE l 

fill spring force output PICSSW'C drag net c:hlDIC output 
w/o drag clement wl element w/ drag clement w/ drag clement 

SO ml 40 lbs. +8 psi -13 lbs. 0 S psi 
40ml 39 lbs. +7 psi -11 lbs. 0 S psi 
JO ml 38 lbs. +S.9 psi -8.8 lbs. 0 S psi 
20ml 37 lbs. +4.4 psi -6.4 lbs. 0 s psi 
10ml 36 lbs. +2.4 psi -3.4 lbs. 0 s psi 
Oml 3S lbs. 0 psi O lbs. 0 s psi 

In accordance with a further aspect of the present invention, there is provided an indicium of the status 

of the dispensation cycle, which can be readily incorporated into any of the previously disclosed embodiments. 

Referring to Figure 45, there is disclosed a fluid medication bag 348, positioned between 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 weU known in the art. Disposed between the medication 

bag 348 and the platen 349 is a membrane 354, whii:h will be discussed in detaD infra. 

The platen 349, or a caver for the platen, is provided with at least one embossed symbol 356, such as 

an E indicating "empty.• The embossed symbol is pref•ably raised from t~e planar surface of the platen. 

Whan the medication has been fuly expelled 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, manibrane 354 may comprise anv of a variety of 

materials such as rubber or silicone. Membrane 354 is preferably has a thickness within the range of from about 
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.020 inches ta abaut .030 inches. However, the thickness of the membrane 354 and material can be varied 

considerably, depending upon the native pigmentation in thil membrane and compressibility under the farce due to 

the spring. The embossed letters are preferably raised ta a height of about 0.04 inches from the surface ·of the 

platen. 

Referring to Figures 48 through 51, 1hera is disclosed an ultra low profile sliding spring retractor 

embodiment in accordance with a further aspect of the present invention. Infusion pump 360 is provided with a 

housing 362, having a platen 366 contained therein which is biased in the direction of a fluid medication bag 368 

by one or more springs 364. In the illustrated embodiment, four con sfirings 364 are provided, each having a 

generally conical configuration so that the axial length of the compressed spring is no more than the diameter of the 

10 spring cal wire, as lustrated in Figura 50. 

The platen 366 is retracted against the bias from spring 364 by one or mare levers 374 movably disposed 

along an inclined path such as slat 37D with respect to the housing 362. Preferably, at least ona pair af apposing 

levers 374 and 378 are provided, and, in the illustrated embodiment, a seeond pair of levers 375 and 377 are also 

ptavidarL Referring to Figura 49, lever 374 rides in a slot 370 formed in a· housing 362. Slot 370 is inclined from 

15 a first and 371 to a seeand end 379 in an axial and medial direetion. Sinilarty, lever 37~ travels in slot 372, whieh 

inclines medially in the axial direction. In this manner, the user can place a thumb on lavar 375 and a forefinger 

on lever 374, and eompress the two levers together to advanee the platen against the spring bias. Inclusion of a 

mirror inage pair of levers 376 and 377 for traveling in corresponding incrmed slots (not Dlustrated) on the opposite 

side lif the housi1i9 362. the amount af force required to be exerted by each hand of the user is divided in half, and 

20 prDJides a more convenient force distnllution within the platen pump 360. 

In one embodiment of the invention, each of levers 374. 375, 376 and 377 are separately movably mounted 

within their respeetive slots in the housing 362. Far example, each lever is integraUy molded with or secured to the 

platen 366, and, preferably, provided with a bearing such as a roller bearing (not Ulustrated) for mininizing friction 

during reciprocal travel within the corresponding inclined path of travel. 

25 Alternatively, each apposing mambar of a pair of levers are joined through the canter of the device, to 

provide a single post extending thilrethrough. For example, lever 374 and 378 can comprise opposite ends of a single 

shaft, which· extends through or adjacent .10 tha platen 366. This design simplifies the construction of the pump 

in some aspects, such as by elininating the torque which would otherwise occur at bearing and or connecting of 

the lever to the platen 366. The unitary post ean either be permanently mounted within the housing, or removably 

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

bean inserted. 

In the llustrated embodiment, opposing levers 374 and 376 are opposite ends of a unitary past, and 

opposing levers 375 and 377 are similarty opposing ands of a unitary post. The posts in this embodiment extend 

along the medication bag 368 side of platen 366, as is illustrated in f"igures 50 and 51. F'igura 50 ilustrates a side 

35 elavational view of an embodiment of the invention in ·which the posts are retained in the retracted position, such 
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as for insertion of the medication bag 368. Figura 51 Ulustratas a point in the dispensation cycle of the embodiment 

of Figure 50, with the posts remaining in positkln adjacent the platen 366. 

Referring to Figure 49, the medial most extent 379 of the path of travel for lever 374 is provided with a· 

detent 380, for removably retaining the lever 374 at the fully retracted position such as during loading. After each 

5 of the levers has been advanced to the· detent 380, the pJaten 366 wil be releasably retained in the retracted 

position to permit insertion of a fluid medication bag 368 between the platen 388 and the bottom of housing 362. 

This can be accompfished in any of a variety of ways disclosed elsewhere herein, such as by introduction of the fluid 

bag 368 through a side opening in· the housing 362, or by providing tha housing 362 with a hinged bottom wan 

which can be opened to insert the fluid medication bag 368. Following installation of the bag, each lever 374 can 

10 be advanced laterally slightly out of the corresponding detent 380, so that tha lever 374 is no longer retaining the 

spring bias. The levers thereafter may be withdrawn from the device, or folded at a hinge point lnot illustratedJ to 

reduce the peripheral profie of the deri:e. 

Preferably, the angle of the path of travel of fever 374, which, in the iDustrated embodimant is governed 

by the angle of the slot 370 is within the range of from about 10° to about 20° from the plane at the central 

15 region of the platen 366. As wm be apparent to one ot" sltll in the an, as the axis of the path of travel of leVBr 

374 approaches perpendicular to the plane of the platen U. approaches the longitudinal axis of travel of spring 364), 

the leverage obtained in advancin9 the platen against the spring bias diminishes. Thus, in one embodiment. the slot 

370 could utend at a perpendicular to the plane of the platen. However, ~he 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 travel 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 fuUy retract the 

platen 366 so that a medication bag 388 can be inserted. Thus, as the angle decreases beyond a certain limit. the 

length of the path of travel must be increasad 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 longitudinal uis of spring 364 of about 0.9 inches. Sl~t 370 incRnes at an angle of about 

15° from the plane of the central region of the platen 366, and has a length of about 2.2 inches. 

In accordance with a further embodiment of the present invention~ there is provided an inprovad spring 

biased intravenous infusion pump having e parellelogram •scissor" -type finkage for transferring spring force to the 

medicatian reservoir. Referring to Figure 52. the pump 400 comprises a housing 401 which may be formed as an 

30 integral unit, or from two or more detachably connectid components as has been previously described. 

Referring til Figures 53 and 54, the preferred debchable component housing 401 comprises a cover 402 

and a base 404. Each of the cover 402 and the base 404 contain an annular wan 442 and 444 extending in the 

axial direction. Complementary threads are preferably provided on the outer surf ace of the annular wall 442 of the 

base 404 and inner surface of the annular waB 444 of the covar402, to facilitate threadable engagement of the 

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

4D4 are provided with complementary pins and J. or l-shaped grooves to permit a press-and-twist fit interlock • 
• 
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Any of a variety of alternative interlocking structures may be utilized far the housing 401 of the invention. as will 

be apparent from the previous disclosures htrein. 

The cover 402 and base 404 are preferably formed in accordance with conventional techniques tor the 

production of medical device housings, such as injection molding of thennoplastic or thermoset polfmers. 

5 Alternatively, any of a variety of other techniques may be utilized, including fabrication from sheet metal stock, as 

wiU be waU understood by one of skill in the art 

In general, base 404, annular wall 442. annular wan 444 and cover 402 cooperate to form a chamber 446 

for containing the functional compon~nts of the infusion device. In the illustrated ambodinent. a platin segment 41 O 

is biased against a reservoir such as a flexible medication bag 406 by means of a spring and 6nkaga auambly 411. 

10 Fluid bag 408 is in fluid communication with the patient by way of affluent fluid line 448, which extends 

through tha housing 401 by way ef a port 450. Mod"lfication of the port 450 to accommodate the various 

relationships between the cover 402 and base 404 wm be apparent to one of skil in the an. A flow regulator (not 

illustrated) to regulate the flow of medication is provided on fluid Dn1 448. 

ln ganeral, the fkid bag dtamatars contemplated for use in accordance with t~e present inventiGn are in 

~5 the area of from about 3.5 inches in diameter to about 5 inches in diameter and from about 0.5 inches to about 

1.0 inches thick. However, infusion pumps adapted to receive other size bags can be readiy fJroducad in a.ccordance 

with the disclosure herein. 

Referring to Figures 53 and 54, the platen 410 embodiment designed ior use with a 3.8 inch diameter. one 

inch thick, 100 cc. madication bag 406 has both a flat. circular central contact surface 413, having a diameter 

20 within the range of from about 2.4 to about 2.8 inches, and an annular ring portion 415 which inclines away from 

the reservoir contacting side of platen 410. The outside diameter of annular ring portion 415 is ganeraUv within 

the range of from about 3.4 to about 3.8 inches for use with a 3.8-inch diameter flat medication hag 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 ptane of central contact surface 413 is praferabfv within the range 

25 of from about 10° to about 45°. and more preterably within the range of from about 10° to about 30°. 

In genera~ the transition 417 batwean.the central contact surface 413 and the radially inwardmost extent 

of annular ring portion 415 is positioned so that tha circular central contact surface 413 substantially completely 

covers the planar portion on the upper surface of fluid medication bag 406. Referring to Figura 53, medication 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 409. 

As illustrated in Figura 53, the transition point 407 on the bag 406 is roughly coincident with the transition 

point 417 on the platen 410. Referring to figure 54, the interior surface of bottom plate 408 is configured with 

a complementary nesting surface for platen 410. Preferably. platen 410 contains a guide 425 such as an annular 

flange extending in the axial direction for stabilizing the platen 41 O as it compresses the medication bag 406 against 

35 tha base 404 Gf the housing 401. 
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The platen 410 is biased towards the medication bag 406 through a linkage assembly 411. In general, 

rmkaga assembly 411 comprises one or more biasing elements haVing a longitudinal axis which extends at an angle 

with respect to the longitudinal axis of travel of platen 410. Preferably, the biasing element axis extends 

approximately at about a perpendicular to the axis of traval of platen 410. As is discussed below, the biasing 

5 element preferably comprises one or more springs having at least one concantric or paraHal spring guide such as a 

central shaft or tubular cover. 

In the Dlustrated embodiment, a spring guide 414 · extends along an axis which is generally parpandicular 

to the axial direction of travel of platen 410. The spring guide 414 conveniently comprises a threadad metal rod 

having a length within the range of from about 3.D to about 3.4 inches, and a diameter from about .125 inches to 

1 D about .250 inches,. although variations wiff ba raadily apparent to ona of skll in the art. 

In an embodiment in which the spring guide 414 comprises a unitary or segmented shaft having a 

contiwous thnia~ extending throughout its length, a tubular sleave may be conveniently disposed over the portions 

of tbe threaded shaft which wiH slidably cany other moving parts, as win be discussed. Alternatively, the spring 

guide 414 can be constructed from a genaraUy smooth rod, having a threaded region e~ly on the distal ends thereof 

15 for receiving nuts 4t6 and 416'. 

20 

A spring stop is carried at either and of the 111rin11 guide 414. As will be readily apparent 10 one of skill 

in the art, any of a variety of means can ba utilized for retaining a spring undar tension. For axampta, a nut or nut 

and WHhar threadably engaged to the spring guide 414 is convenient, both from a manufacturing standpoint, and 

due to the abffity of the manufacturer to. ad"JUst the spring tension by simply rotatin11 the nut. 

In the illustrated embodiment, a spring stop 419 is provided on each lateral end of the spring guide 414 

for linitlng the lateral expansion of each spring. The spring stop 419 generally comprises a radially outwardly 

extending annular flange 4Z3, having an apanure 421 extending axially tharethrough for receiving a threaded portion 

of spring guide 414. Spring stoJ 419 also has a cross-sectional area through a radial plane sufficient to linit 

expansion of the spring. Each spring stop 419 is preferably provided with an axially extending tubular •eve 418 

25 and 418', which in the assembled pmnp extends medially along 1he spring guide 414 and within the 11tring. fn the 

illustrated embodinent, the sleeves 418 and 418' have internal threads complementary to the thread on spring guide 

414 to securely thraadably retain the spring stop 419 in place. 

In an alternate embolfment (not illustrated!; the spring stop 419 comprises a radiaRy outwardly extending 

annular flange 423 and an axiaUy extending tubular sleeve 418, as in the foregoing embodiment However, the spring 

30 stop 419 is held in place by a threaded nut secured directly to the spring guide 414 on the lateral side of outwardly 

extending annular flange 423. In this embodiment, the internal thread on aperture 421 and interior waU of axially 

axtanding tubular sleeve 418 is UMacassary. Although tha usi of a lateral threaded nut is convenient from a 

manufacturing standpoint, it adds to the overaff lateral length of the spring guide 414, which may be undesirable 

in a given embodiment. 
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Tha springs 412 and 41 Z: ara comprassad batwaan tha spring stops 419 and two axially moveable blocks 

420 and 420'. In ona ambodinant, tha springs 412 and 412' comprise music wire having a wire diamata1 of 

approxinately .085 inches. lower diameters such as 0.080 may also be used by increasing the preload. 

Preferably, springs 412 and 412' have a spring constant within the range of from about 80 lbs. par inch 

5 to 130 lbs. par inch ii a dual spring emhodinent. Each sprilg 412 and 412' is approxinately 1.7 inches long in its 

un-comprassed state and approximattlv 0.9 inches long it its fully compressed state, shown in Rgure 53, and 112 

itch in diameter. Tha sum of the axial trenl of apritgs 412 and 412' is approximately 0.7 inch between the 

compressed state as shown in Figure 53 at the beginning of the dispansation cycle and tha state shown in figure 

54 at the and of the dispensation cycle. 

10 Blocks 420 and 420' function as medial apring abutments to mtchanicaHr link thi macf11I travel at the 

spring to the linkage assembly 411 and platen 410. In the illustrated embodiment, blocks 420 and 420' ara 

generally ractangular in exterior configuration and contain an annular or tubular recess 422 on the lateral side which 

does not go through tba entire axial langth of the block 420 and 420'. The springs 412 and 412' fit into the recess 

422 in each block 420 and 420'. The blocks 420 and 420' also contain an axially extending tubular opening through 

t 5 the center of the . block to aUow the blocks to slide axially along the spring guide 414. 

20 

Each block 420 and 420' may camprisa any of a variety of durable materials such as aluminum. stainless 

steel or other metal known in tha medical davite arts. Preferably, howavar, a strong lightweight plastic material 

such as Delrin, avaDable from DuPont is used. Polymeric bluets or coatings are preferred, due to their a&ility to slide 

relatively freely on tha spring guide 414 when biased by the springs 412 and 412'. 

Each of two opposing sides of the blocks 420 and 420' paralel to the spring guide 414 contains a black 

pi¥ot 438. The relative positioning of pivots and corresponding recesses discussed herein can readily be revernd, 

as wilt ba apparent to one of skill in the art. 

Two link arms 424 and 426 are pivotably affixed to each pivot 438 at a first end thereof. Link arm 424 

is connected at a second end to an anchor pivot 436 which is connected to the cover 402. link arm 426 is 

25 connected at its second and to a platen pivot 434 whi:h is connected to the platen 410. Link· arms 424 and 426 

form a scissor-type configuration which is a mirror inage of the configuration of link arms 428 and 430. Together, 

the four link arms 424, 426, 428 and 4~0 fomi an adjustable paralletogram rmkage, as wiU ba understood by one 

of skiR in the art. Preferably, an identical paraHalogram finkage exists on tha opposing vertical wall of blocks 420 

and 420', as shown in Figure 55. 

30 Anchor pivot 436 is secured to attachment 432. which is prafarably fixed to cover 402. Platen pivot 434 

is affixed to platen attachment 440, which is preferably pivotably attached to platen 410. 

In a preferred ambodiment. platen attachment -440 · is provided with an upper cam shaped prafile that is 

shaped and sized to folow the path of the lower inside edge of each of blocks 420 and 420'. Suitable cam shaped 

surfaces can be provided by either an annular, dome shaped element 440, or by providing one or mora generally 

35 parallel planar elements having a cam shaped outer profile, as wftl be apparent to one of skill in the art. Pro1tision • 

of a cam surface which tracks the path of tha lower inside edge of the blocks 420 and 420' operates to limit the 
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extant to which the plane of platen 410 is permitted to deviate from its normal position which is generafty parallel 

to the plane of the bottom plate 408. Preferably, the outer surface of the cam shaped portion of anchor 440 is 

sufficiently close to the path of travel of each of blocks 420 and 420' so that the tilt of the platen is limited no 

more than about 6%~ 

5 As a furth8J' option on the scissor embodiment of the present invention, a fluid level indicter 451 is 

provided. See Figura 54. Fluid level indicator 451 genaraHy comprises a· finkage 452 which is pivotably connected 

to a moving portion of the scissor assambly, and also to the fluid level indicator 451. Level indicator 451 is 

preferably slidably mounted in a track 454 adjacent a scale fnot ilklstrated) and calbrared such that the level 

indicator 451 and scale win indicate the remaining fluid volume. 

10 After a medication bag 406 has bean inserted into the base 404 and the base 404 engaged with the cover 

402, the springs 412 and 412' are at thBir point of highest compression. As the springs 412 and 412' release force 

in a direction perpendicular to the axial direction of platen travel, tha blocks 420 and 420' slide towards each other 

on spring guide 414, causing the medial ends.of fink arms 424, 426, 428 and 430 ta move further apart in the axial 

direction. Through this mechanism the force exerted by the springs 4t2 and 412' is transmitted through the fink 

-15 arms 424, 426, 428 and 430 to the platen 410 through the platen attachment 440. The spring force component 

transmitted by the Hnk arms 424, 426, 428 and 430 to the platen 410 increases throughout the dispensation cycle 

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

pressure until the bag is substantialy coDapsed, as shown in Figura 54: This surprising result shown in the 

uperillents discussed infra is desirable in app6cations sui:h as infusion of chemotherapy chemicals into a patient 

20 over a period of time at a constant rate. The mechanical advantage obtained by the ink arms 424, 426, 428 and 

430 compensates for the decrease in sprin9 tension and the increase in the bag contact area over the dispensation 

cycle. 

25 

EXPERIMENT 1 

Constructina the Pump 

A platen was constructed in accordance with the embodiment llustrated in Figures 62·55, having springs 

412 and 412' comprised of music wire having a wire diameter of approximately .085 inch. Springs 412 and 412' 

had an outside d~eter of about 0.5 inches, a spring constant of approximately 111 lbs. per inch, and were 

approximately 1.7 inches long in the uneompressed state and approxinately 0.9 inch long in the fuly compressed 

state, as shown in Figure 54. The sum of the axial travel of springs 412 and 412' was approximately 0.7 inch 

30 · between the compressed state as shown in Figure 53 at the beginning of the dispensation cycle and tha state shown 

in Figure 54 at the end of the dispensation cycle. The sprilgs were preloaded to about 35 lbs. on each side, and 

were measured to generate a total spring force of about 160 lbs. Blocks 420 and 420' were constructed from 

Delrin, avaBable from DuPont. The length of each of the four &nk arms was about 0.8 inches from pivot to pivot. 

The platen and opposing wall were substantially flat to isolate the pressure affects due to the spring biasing 

35 assembly. 
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A 50 cc medication bag 406 was inserted in the platen pump of Exparinent 1 and the output fluid preuure 

from the madication bag 406 was measured as the· volume in the medication bag 406 decreased over the 

5 dispensation cycle. Table I below iDustrates the data accumulated from this experiment. 

10 

15 

20 

25 

30 

Volume Expa!led fram · 
Medication Baa feel 

0 
.5 
1 
2 
3 
4 
5 
10 
15 
20 
25 
30 
35 
40 

42.5 
45 
46 
47 

47.5 
48 

48.5 
49 
50 

TABLE I 

Output Fluid 
Prtssura Cpsil 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

5.05 -
5.1 
5.1 
5.1 
5.1 

4.95 
4.6 

4.45 
4.25 
4.1 
9.0 
3.9 
3.5 
2.4 
0 

Thi data obtained from the above experiment is reproduced in Figure 56, which plots tha volume of 

madication dispaUed in cubic centimei:ers varsus the output pressure in lbs/sq. in. The parcent change in output 

35 pressure versus the volume expaled is illustrated in figure 67; figure 57 illustrates the ramarkabfy steady output 

pressure of the medication contained in medication bag 406 during the dispensation cycle produced by the platen· 

pump 400. 
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EXPERIMENT 3 

100 cc Volume last 
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In Experiment 3. the 50 cc •dication bag 406 was replaced with a 100 cc madication bag. The 

experinant conducted in Experinent 2 above was repaited and the folowing data was recorded. 

volume Expelled from 
Medication Bag kid 

0 
5 
10 
20 
30 
40 
50 
60 
70 
80 
90 
95 
99 
100 

TABLE II 

Output Fluid 
Pressure (psil 

5.1 
4.6 
4.7 
4.75 
4.75 
4.6 
4.55 
4.4 
4.2 
3.95 
3:6 
3.4 
2.9 
0 

Figura 58 ilustrates the output pressure over the dispensation cycle. Figure 59 illustrates the percent 

change in pressure over the dispensation cycle. 

Increasing the volume of medication in the medication bag 406 from 60 cc to 100 cc remarkably did not 

dramatically affect tha change in pressure over the dispensation cycle on the medicatian bag 406. 

Referring to Figures 61·65, a fluid container 500 is provided which may be readily used with any of the 

previously disclosed embodiments of the platen pump. Preferably, the fluid container 500 consists of a collapsible 

medication reservoir or bag 510 in fhrid communication with an effluent fluid line 530. The effluent fluid rine 530 

30 may lead to an administration set 540 shown in phantom in figure 61. An administration set is also shown in Figure 

7. The effluent fluid 6ne 530 may be standard PVC tubhtg or other material known to those skUled in the an. · 

Preferably, the medication reservoir 510 has a first surface 508 and a second generally opposing surface 

509. The first surface 508 and second surface 509 each have a substantially planar central portion 512 and 513. 

In a medication reservoir having a diameter of about 3.5 inches; the generally planar central portions 512 and 513 

35 typically have a diameter in the range of Imm about 1.5 inches to about 3.0 inches, and preferably from about 2.4 

inches to about 2.8 inches in the fully filled configuration. 

A transition portion 514 surrounds the cnular central portions 512 and 513 of the first surface 508 and 

second surface 509. Transition portion 514 comprises tha portion of the surface of the 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 radialy axtarior·most sloping portions 516 when the medica1ion reservoir 510 is fuU as· 

shown in Figure 62. 
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The radially exterior-most opposing sloping ponions 516 are preferably joined at seam 520. By •seam" the 

present invention also contemplates the outer peripheral edge of a "seamless" bag such as may be produced through 

any of a variety of molding or othar plastic formilg techniques known in the art. 

The first surface 508 and second surf ace 509 are preferably formed from two sheets af a suitably 

5 bondable, inelastic material which exhibits suitable stability in the presence of the intendad medication. The two 

sheets may be joined at seam 520 with the use of any of a variety of joining techniques, such as thermal bonding, 

solvent bonding, adhesives or by a radio frequency weld. Preferably, the medication reservoir is constructed from 

a PVC in U.S. Class 6 adaquata for. the deivary of drugs to a patient although other materials known to those of 

skHI in tha art are avaUable and may ba used. 

10 As shown in figures 63 and 65, the effluent fluid line 530 may ba joined to the medication reservoir 510 

through the use of a radio frequency weld or other bond at a joint 525. Dthar •ans far joiring the medication 

reservoir 510 and tha effluent fluid line 530, such as thermal bonding, solvent bond"mg. adhesives or friction coupfmgs 

will be readily apparent to those of skRI in the an. 
Preferably, the medication resarvoir 510 shown in Figures 61-65 has a diameter within tha range of from 

·f5 about 3.5 inches to about 5 inches and a height within the range of from about 0.5 inches to 1.0 inches. In 

general. the diameter of the bag is influenced by the type of compression mechanism used. For example, in the 

threaded clam shel embodiment of Figure 1, a bag having a diameter of much greater than about four inches would 

raquire a pump having too big a diameter to be conveniently grasped by ·many patients. Other compression 

mechanisms, however, can be readily used with 5 ini:h, 6 inch, or larger diameter bags. The height, or thickness 

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

For many applications of the present invention, the fluid cont,iner 500 preferably contains 50 cc of fluid. 

Although these volumes are preferred in the present invention, other sizes of fluid containers may be easily 

constructed using the· disclosure of the present· invention. These varying size fluid containers are contemplated by 

this disclosure. 

25 An inponant aspect of the fluid container 600 is that it is· able to withstand pressures applied to it by the 

platen pump discJosad herein. Funher, preferably the flilid container 500 is relatively inelastic in order to minimize 

the change in pressure on the fluid by the platen pump. AdV'lntageously,·the disc like configuration of the present 

embodinent of the fluid container 500 results in substantially even pressure distribution throughout seam 520 when 

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

30 uniform pressure distn'"bution mininizes the buildup of localized stresses which could lead to a rupture of the container 

500. 

35 

Another advantage of the fluid container 500 is that a pluraHty of fiUed fluid containers 500 may be easily 

stored such as in a refrigerator in a stacked configuration. Further, when the fluid containers 500 are empty, the 

YDlume required to dispose of them is vary smaU because the fluid containers 500 are flat and flexible when empty. 

In addition to a fluid container with a circular .outer profile. other shaped reservoirs may be constructed in 

accordance with tha disclosure of the present invention. for example, referring to Figures 66-69, a square medication 
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reservoir 560 having a generally planar square top surface 562 and bottom surface 563 may be used in coMection 

with the various embodiments of the pta1en pump. In a sinilar fashion to the circular medication reservoir, the top 

and bottom surf aces of the square medication reservoir 56D have generally square flat central portions. transition 

portions 564 and radially exterior-most sloping portions 566. Preferably, a high frequency weld is used to join seam 

5 572 and attach the medication bag 560 to the affluent fluid line 570 at a joint 568. 

Raferring to Figures 70-73, a diamond-shaped fluid reservoir 561 may be provided. Further, a hexagonal 

fluid reservoir 580 and 581 (Figures 74-81) with a joint 582 on one of. the sides of the hexagonal medication 

reservoir 580 (figures 74-771 or a joint 583 at one of the comers of the hexagonal medication reservoir 581 (Figures 

78-81) may be provided. Referring to Figures 82•89, fluid containers having medication reservoirs with eiaht sides 

1 O (586), ten sides (588), twelve sides (590) or twenty-four sides (592) may ba provided. 

In a further embodiment. the present invention includes a platen pump designed fen use with rectangular 

medication bags. Referring to figure 90, the pump 600 comprises a housing 601 formed from a cover 602 and a 

base 604. The cover 602 and base 6D4 are preferably formed in accordance with conventional techniques tor tha 

productU>n of medical device housings, such as injection molding of tharmoptastic or thennoset polymers. 

-15 Alternatively. any of a variety of athar techniques may be utilized, including fabrication from sheet metal stock, as 

wilt be weU understood by one of skill in 1ha an. 

A handle storage recess &DB may be formed in the cover 602 during fabrication. As wiD ba described 

balow, e handle 610 is used to raise and lowar the platen in the pump 600." Whan 1he platen is applying force to 

a madication bag .(not shown), the handle 6t0 prefarably separates from the pump 600. The handle 610 can be 

20 inserted into the handle storage recess 608, providing a convenient location to store the handle 610 when not in 

use. ·A lift tab 609 may be included on the handle 61 D. The fift tab 609 provides assistance to the user .in 

removing the handle 610 from the handle storage recess 608. 

The cover 602 also may contain a ridge 612. In one embodinant, the ridge 612 is formed as a mound 

with an aperture 614 in the canter of the ridge 612 for insertion of the handle 610. However, other configurations 

25 for the ridge 612 are contemplated as will be easily understood by those of skiU in the art. A portion of the 

handle 810 is preferably spaced above the caver 802 in operation, thereby alowing a user to turn the handle 610 

without interference from the cover 602. 

A connacting tab 613 may be located on a face 619 of the base 604. The coMBCting tab 613 includes 

an apertura 615. Because tha pump 600 is designed to be carried over an extended period of time by the patient, 

30 tha connecting tab 613 provides a convenient way to tote the pump· 600. A split ring, string or other material can 

ba placed through the aperture 615 in the connecting tab 613. The pump 600 csn then be secured to an l.V. pole 

or a patient. Of course, the connecting 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. 

Figura 91 shows an exploded view of the pump 600. The pump 600 includes the cover. 602, the handle 

35 610, a spring and Tmkage assembly 620, a platen 630, a connacting .bolt 645 and the base 604. A rect1ngular • 

medication bag 640 is inserted into the base 604 during ·pump 600 operation to provide a medication reservoir. 
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The cover 602 has an outer rin 606. This outer rim 606 slidably engages a corresponding groove 618 in 

the ban 604. Whan the rim 606 of the cower 602 is inserted into the groove 616 of the base 604, the base 604 

and cover 602 coopirate to form a chamber 646 for containing the functional components of the infusion device 

and the medication bag 640. Alternatively, the base 604 may contain a rim and the caver 602 may contain a 

5 groova for slidable engagement of the cover 602 and the base 604. 

In the illustrated amhodimant. the spring and linkage assembly 620 is connected between the platen 63D 

and the cover 802. The spring and linkage assembly 620 contains connector bars 624-627 (figure 92i A pair of 

bar racaivers 632 and 634 era formed on the top side 631 of the · platan 630. The connector bars 624 and 627 

insert in the bar racaivtrs 832 and 634. A corresponding pai' of bar receivers fnot shown) are located on a bottom 

10 side of the eaver 6D2. The connector bars 625 and 826 insert in tha bar receivers of the cover 602. This 

connection secures the spring and lnkage assamllly 620 betwaen the platen 630 and the cover 602. 

As shown ir1 figure 91, the connecting bolt 645 is preferably inserted through an 1penure 636 in the platen 

630, through an aperture 622 formed by movable blocks 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 bolt 645. 

l5 The threads in the handle 610 angage with tha threads 648 on tha bolt 645 allowing movement of the platen 630 

vi& the spring and linkage assembly 620 upon turning the handle 610, as wit be described balaw. Whan the handle 

610 is fuly engaged with the bolt 645; the.pump 600 is in an open position. When the pump &DD is in the epen 

position. the platen 630 is fuly stored within the covar 602. This aUows tha i:over 602 to separate from the base 

804 without interference from the platen 630. As the handle 610 is turned ta separate the handla 810 from the 

20 bolt 645, the platen 830 bagins to lowar into the base 804 via the spring and linkage assembly 620. 

25 

The madicatioli bag 640 is preferably in flllid communication with the patient by way of an effluent ftujd 

ine 648, which extends through the base 604 by way of a pan 650. Molflfication of the port 850 to accommodate 

the various relationships betw88n the cover 602 and base 604 wil be apparent to ona of skill in the art. A flow 

ragulator fnot iDustrated) to regulate the flow of medication mav be provided en fluid line 648. 

In general, the medication bags 640 contemplated for use in accordance with this embedinant of the 

present invention are standard medication . bags weU known and used in the art. Standard bags are currenttv 

producad by Abbott laboratories and Baxter Healthcare. However, medication bags adapted for use in the pump 600 

can be readily produced in accordance with the disclosure herein. The medication bags 640 incklde a fluid reservoir 

segment B4 t, an injactian port 642 and a fluid delivery port 644. 

30 Whan defivaring medication from a medication bag 640 to a patient, only the fluid resarvair 119ment 641 

is compressed by the platen B30. Tha injection port 642 and the fluid delivery port 644 are generally not 

comprenad. The ttlateil 630 is approximately the same size as the fluid reservoir segment 641 of the madicatiDn 

bag 640. Ta protect both the iniection port 642 ind the fluid delivery port 644 of the medication bag 640, the base 

604 preferably contains wafts 652,, 654 and 656 forming two compartment& 853 and 855. The injection port 642 

35 fits inside compartment 853 and the fluid delivarv port 644 fits inside compirbnent 655. When the medication bag · 
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640 is inside tha pump 600, the injaction port 642 and the fluid delivery port 644 are protected bv compartments 

653 and 655. Onlv the fluid tine 648 is exposed from the pump 600. 

Referring to Figures 92, 93 and 94, the platen 630 exerts a force on the medication bag 640 through the· 

spring and inkage assembtv 620. In ganeraL 1he spring and ink.age assembly 820 comprises one or more biasing 

5 elements having a longitudinal axis which extends at an angle with respect to the longitudinal axis of travel of the 

platen 630. Preferably, the biasing element axis extends approxinately at about a perpendicular to the axis of travel 

of the platen 630. As discussed llaJow, the biasing element preferably comprises one or more pairs of springs having 

at least one spring guide such as a central shaft or tubular cover. Because the pllllp 6DD in the preferred 

embodinent is deiigned to be portable, it is desirable to manufacture the pump as thin and smaU as possible. To 

10 reduce the overall height of the pump 600, two pairs of springs are preferably used as the biasing element. The 

use of 1Wo pairs of springs has several advantagas. First. the same force is applied using springs and guides of half 

the diameter of a single pair of springs. Using springs of a smaller diameter aUows the ovaraU height of tha pump 

600 to decrease. Secnnd, ths lateral spacing of the springs assists in providing a balanced torca to the platen 630. 

By applying a balanced fores, the platen 630 will lower into the base 604 with a minimum of rocking. 

.15 In the iUustrated embodinant, a pair of spring guides 664 and 665 extend along an axis which is generally 

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

having a length within the range of from about 3 inches to about 5 inches, and a diameter from about .125 inch 

to about .250 inch, although variations will be readily apparent to one of skll in the art. 

In an embodiment in which the spring guides 664 and 665 comprise a unitary or segmented shaft having 

20 a continuous thread extending throughout its length, a tubular slaeva may be conveniently lispond over the portions 

of the threaded sha~ which wil sidably carry other moving parts, as will bl discussed. Alternatively, the sprir}g 

guides 664 and 665 can be constructed from a generaly smooth rod, having a threaded region only on the distal 

ends thereof for receiving a nut 670. 

A spring stop 875 is carried at lither end of the spring guides 664 and 665. As will he readily apparent 

25 to one of skil in the art, any of a variety of m11ns can be utilized for retaining a· spring under tension. For example, 

a nut or nut and washer thraadably engaged to the spring guides 664 and 665 is convenient, both from. a 

manufacturing standpoint and due to the abity of the manufacturtr to adjust the spring tension by simply rotating 

the nut. To avoid rotation of the stop 675 on the sprilg guides 664 and 665, epoxy may be used as win be readily 

understood by those skilid in the art. 

30 In the iDustrated anbodinant, a spring stop 675 is provided on each lateral end of the spring guides 664 

and 665 for limiting the expansion of each spritg 680. The spring stops 675 generally comprise a radially outwardly 

extending annular flange 677 and have an aperture 678 extending tharethrough for receiving a threaded portion of 

the spiing guides 664 and 665. The spring stop 675 also has a cross·sectional area sufficient to linit expansion 

of the spring. The spring stop 675 is preferably provided with an axiaHy extending tubular sleeve 682, which in the 

35 assembled pump extends along the spring guides 664 and 665 and within the ipring 680. In the illustrated· 
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embodiment, the sleeves 682 have. internal thraads complementary to tha threads on the spring guiles 664 and 665 

to securely threadably retain the spring stop 675 in place. 

In an ahernatB embodiment (not illustrated), the spring stop 675 comprises the annular flange 677 and the 

tubular alnva 682 as in tha foregoing embodiment. However. tha spring stop 675 is held in place by a separate 

5 threaded nut secured directly to the spring guides 664 and 665. In this embodiment, the internal thread on the 

aperture 679 and the interior waU of the tubular sleeve 682 is unnecessary. Although the use of a separate 

threaded nut is convenient from a manufacturilg standpoint, it adds to the overan lateral length of the spring guides 

664 and 665, which may be undesirable in a given embodinent. 

The springs 680 are compressed betwHn the spring stops 675 and two moveable stops 621 and 623. 

10 In one embodiment, tht springs 680 comprise. music wire having a wire diameter of appruxinately .80 inch. Lower 

diameters such as .062 inch may also be used by incraamg the prelGad. 

Preferably, the springs 680 have a spring constant within the range of from about 80 lbs. per inch to 90 

lbs. par inch in a dual spring embodiment. Each spring 680 is approximately 1.62 inches long in its un-compressed 

state and approximately .90 inches long in its fully compressed state, shown in Figura 93, and .50 inch in diameter. 

15 The sum of the axial travel of springs 680 is approxinately .90 inch batwBBn the compressed state as shown in 

Figura 93 at the baginniag of tha dispensation cycle and the state shown in Figura 94 at the end of the dispensation 

cycle. Depending on the spring constant chosen. the dispensation cycle can vary from one half hour to eight days. 

These dimensions correspond to a pump for a 1 OD cc medication bag. For larger or smaler medication bags 

dinensions would vary as will be easily recognized by those of skil in the an. 

20 Moveable stops 621 and 623 function as madial spring abutments to mechanicaly rmk the medial travel 

of the spring 680 to the linkage assembly 620 and platen 630. Referring to Figure 92, the stops 621 and 623 are 

generally rectangular in exterior configuration with a sami-circular cut-out 661 on the interior side. The cut-out 661 

may have other configurations as long as the screw 645 fits through 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 entie langth of the stops 621 and 623. The springs 680 fit into tha recesses 662 

in each stop 621 and 623. The stops 621 and 623 also contain openings 660 through the center of the stops to 

allow the stops 621 and 823 to slide axialy along the spring guides 664 and 665. 

Each moveable stop 821 and· 823 may camprist any of a variety of durable materials such as aluminum, 

stainless st11I or other metal known in the medical device arts. Preferably, however, a strong lightweight plastic 

30 material such as De1rin, available from DuPont is used. Polymeric blacks or coatings are preferred, due to their 

abirrty to slide relatively freely on the spring guides 664 and 665 when biasad by the sprllgs 880. 

35 

Each of two opposing sides of the stops 621 and 623 contain an aperture 688. Thi apenura 686 has 

internal threads complementary to the threads of a pivot screw BBB. The pivot screws 688 are threadably engaged 

to the stops 621 and 623 via the apartura 686. 

Two link arms 690 and 692 are pivotably affixed to each pivot screw 688 at a first and thereof. The fink -

arm 690 is connected at a sacond end to the connactorbar 625 which is connected to the cover 602. The link 
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ann 692. is connected at its second end to tha connector bar 624 which is connactad to tha platen 630. Tha 6nk 

arms 690 and 692 form a scissor-type configuration which is a mirror inage of the configuration of Rnk arms 694 

and 698. Together, the four link arm1 690, 692. 694 and 696 fDnn an 1djlstable paralelogram inkage, as will be 

understood by one of skill in the art. Preferably, an idtntcal parallelogram linkage uisu on tha opposing vertical 

5 waU of moveable stops 621 and 623, as shown in Figure 92. 

Referring to Figure 93, after the medication bag 640 has bun ~rted into the base 604 and tha base 

604 Is engaged with the coyer 602, the springs 680 ara at their point of highest compression. As the springs 680 

release 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, causing the second ands of Ink arms 690, 692, 694 and 696 

10 to move further apart. Through this mechanism, the force exerted by th• springs 680 is transmitted through the 

link arms 690, 692. 694 and 698 to the platan 630 through the bar receivers 632 and 634. The spring force 

component transmitted by tha Ink anns 890, 692, 694 and 696 to the platen 630 increases throughout the 

dispensation cycle of the medication bag 640 as the tension of the springs 680 decreases so as to maintain a 

substantially constant medication output pressure untH the medication bag 640 is substantially collapsed, as shown 

:JS in Figure 94~ Increasing the force throughout the dispensation cycle, as shown above in Exparinents 2 and 3, 

generates a substantially constant output fluid pressure. A constant fluid pressure is highly desirable for dispensing 

a nriaty of drugs such as chemotherapeutic agents. As discussad above, the present invention preferably has 

iispensation cycles as long as eight days. During an eight day dispansition cycle, one drop of medication is 

dispensed approximately every 12 minutes. The abilitv to maintain a substantialy constant output fluid pressure is 

20 critical in sustaining such a steady flow of medication aver an extended tine frame. Importantly, tha force delivered 

by the platen 630 on the fluid daliv1ry bag 640 increases through the dispensation cycle resulting in a constant flow 

rate of medication to a patient. 

During the dispensation cycle, it may ba desirable to know the amount of medication remaining in the 

mdication bag 640. As shown in Figurn 95 and 96, a level indicator is provided on the handle 610. During 

25 medicine dispensation, the. handle 610 can be inserted in the aperture 614. As the medicine is dispensed from the 

bag 640, the platen 630 and tha bDlt 845 wiU move into the chamber 648 of the base 604. As a result, an and 

899 of tha bolt 645 is lowered in the aperture 614. The level indicator 697 is calibrated to show the amount of 

11'18dicina left to ba dispensed. This amount is determined by the location of the end 899 of the bolt 645. 

Figura 96 shows an alternative embodiment of indicating the medication level In this embodiment, an 

30 · indicator 898 is placed on the face 619 ef the base 604. The indicator 698 can be embodied in many forms, 

including affixing a sticker to the base 604 ot incorporated in tha injection molding. As the medication is dispensed 

from the medication bag 640, tha platen 630 moves toward the base 604. The remaining fluid level is determined 

by viewilg the location of the bottom 635 of the platen 630 against the indicator 898. 

Jn operation, a fuD medication bag 640 is attached to the patient by means of a catheter or intravenously 

35 via the fluid fine 648. The C8'er 602 and·the base 604 are separated bV turning the handle 610, thus drawing the· 

platen 630 ·into the base 662 and slidably disengaging the caver 602 and base 604. The patient inserts the 
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medication bag 640 into tha base 604, ensuring the injection port is inside compartmant.653 and 1he fluid delivery 

port is inside compartment 655. The fluid Hne 648 protrudes from the base 604 via tha port 660. With the platen 

830 fully stored in the cover 602. the cover 802 and the base 604 are slidably engaged. The patient than turns 

the handle 610 until it d"isangages from the bolt 645. At this point, the end 699 of the bolt 645 us located within 

5 the aperture 614. The handle 610 may be stored in the handle storage recess 608. W"lth the handle 610 removed, 

the linkaga assembly 620 and platen 630 apply a staadily ·increasing force on the medication bag 840 through the 

dispensation cycle as dascnllad above. This force causes the platen 630 to compress the medication bag 640, 

thereby providing substantialy constant fhid flow via tba fluid Hna 648. 

After aft the medication is dispensed, the patient may remove the handle 610 from the handle storage 

10 recess 608 and insirt the handle 610 mo the aperture 814. Tba handle 810 is than turned to threadably engage 

the bolt 645, thereby compressing the linkage assembly 620 and raising the platen 630 into the c:ovar 602. Whan 

the platen is again fully stored in the cover 602. the cover 602 and the base 604 can be sldably disengaged. The 

em!Jty medication bag 640 is rtmoved from the bua 604 and the pump 800 is ready to repeat the process. 

Numerous viriations and modifications of tba invention will become readily apparent to those skillad in the 

l 5 art. Accordingly, the invention may ba embodied. in other specific forms without departing from its spirit or essential 

characteristics. The datded embodinant is to be considered in aD respects only as Hlustrativa and not restrictive 

and the scope of the invention is, therefore, ·indicated by the appended dains rather than by the foregoing 

description. AD changes which come within the meaning and range of aqulvalericy of the clains are to ba embraced 

within their scope. 
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1. An infusion pump for expeRing fluid from a fluid reservoi' at a constant rate by providing 

increasing force on said fluid re~ervoir throughout a dispensation cvcle, said pump comprising: 

a housing having a chamber 1herein for racaiving a fluid reservoir; 

a first wall for contacting the fluid raservoir; 

a second wan movable llatween a first position distanced from the first wall to form said chamber 

tharebetween, and a second position relatively closer to the first wal; and 

a compression means for moving said second waU, wherein said compression means achieves a 

substantially constant flow rate from said fluil reservor bv increasing a force applied to said fluid reservoir 

as said second wall moves toward said second pnition. 

2. An infusion pump as in Clain 1, wherein said compression maans comprises a paraftelogram 6nkage 

having first and second opposing pivot points lying in a plane extending generallv perpendicular to the second wal~ 

and third and fourth opposing pivot points lying in a plane extending ganeraly parallel to the second wan, and at 

least one spring for biasing at least one of the third and tourth opposing pivot points towards the other, wherein 

15 movement of said third and fourth pivot points towards each othar causes said first and second pivot point to move 

away from each other, thereby advancing the second wall towards tha second position. 

3. An infusion pump as in Clain 2, wherein said 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 infosion pump as in Clain 4. 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 firft 

component. wherein relative rotation of the first component with respect to the second component retracts the 

second wan from the second position to the first position. 

8. An infusion pump as in Claim 1, further comprising an indicium of the completion status of the 

25 dispensation cycle. 

30 

35 

7. An infusion pump es in Claim 8, wherein said indicium comprises a scale for evaluating the position 

. of said movable waff along its axis of travel. 

8. An ilfusion p1111p for expeHing fluid from e fluid reservoir at a constant rate by providing 

increasing force on said fluid reurvoir throughout a dispensation cycle, said pump comprising: 

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

a first waft for contacting 1he fluid reservoir; 

a second wan movable batwnn a first position distanced from the first waU to form said chamber 

tharebatwaan, and a second position relatively closer to the first waft; and 

a parallelogram finkage 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 wan, and at least one spring for biasing at least one of the third 
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and fourth opposing pivot points towards the other, wherein movement of said third and fourth pivot points 

towards eadl other causes said first and second pivot point 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. 

1 O. An infusion pump as in Claim 8, further comprisilg a retractor far retracting the second wan from 

the second position to the first position. 

11. An· infusion pump as in Clain · 10, wherein said retractor comprises a first component having a 

thraad thereon. and a second component having a complementary thread thereon for engaging the thread on the first 

component, wherein relative rotation of the first. component with respect to the second component retracts the 

10 second wall from the second position to the first position. 

12. An infusion pump as in Clain 8, further compming 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 avaluating tha 

puition ef said movable wan along its axis of travel 

.15 14. An infusion PIHllP as in Claim 8, wherein said paralleJogram finkage achieves a substantiaUy 

constant flow rate from said fluid ruarvoir by increasing said force applied ta said fluid reservoir as said second wall 

moves toward said second position. 


