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drugs, fron1pr|aﬁle pl asti'c contai ners. Background of
t he 1 nvention Many drugs in the healthcare field are administered to
a patient on a continuous basis. ContTHiuous delivery of a drug to a
patient was initially achi eved by pLARTENgPUMEr ug- del i very bag filled with

a drug above. the patient and cebtd NG PV it end Q6 the drug fromthe bag
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Durlng th§°ﬁﬁ§tth?v@ryﬁaf§°math@whﬂgﬂk?§ﬁ thepRakirnthas Although this

method has proven successful for many applications, its
drawbacks included (a) an unsteady flow to the patient due to
the changing height of the intravenous infusion site relative
to the drug bag, (b) the awkwardness of requiring the patient
to remain below the fluid delivery bag at all times, and (c)
the constant adjustment of a roller clamp which regulates the
flow to the patient. Electromechanical infusion pumps were
developed to mitigate these concerns. However, the utility of
such pﬁmps 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 about.
' Durlng the past five years, a new style of apparatus has
:entered the marketplace for controlled delivery of a drug
thlch does not require the use of an electromechanical
1nfu51on pump, and thus is suited for the controlled delivery
of drugs to patients who are ambulatory. This new style

)

s utlllzes an_lnflatable latex rubber balloon housed inside a

rigid;'éleaf plastic housing. When the devices are filled
*ff _ " with a'dfug, the latex balloon expands. An administration set
is attached to the device and thus acts as the conduit for the
drug to the patient. When the balloon is inflated by the
drug, the balloon itself becomes the driving force to transfer
the drug out of the reservoir to the patient via the drug
administration set. Controlled release of the drug at a
desired flow rate is achieved by placing an orifice of
predetermined diameter in the drug line. These devices



entered the marketplace for controlled delivery of a drug whi ch  does not

require the use of an el ectronechani cal i nfusi on punp, and thus is™ -
suited for the controlled delivery of drugs to patients who are ’
anbul at ory. This new style utilizes an inflatable |atex rubber ball oon

housed i nsi de a rigid, clear plastic tdusing. Wen the devices are
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pocket. Furthermore, some of the latex balloon style devices
require a special machine to fill and pressurize the balloon
with a drug. Consequently, the pharmacist must use the
special machine to load the device. Thus, there exists the
need for a safe, economical drug delivery system which could
(a) be inconspicubusly and comfortably worn by the patient,
(b) allow the pharmacist to fill the drug container without
the use of a special pressurizing device, (c) allow the nurse
or patient to load the drug container into the pressurizing
device, (d) allow for reuse of parts of the system.
' Summary of the Invention

There is provided in accordance with one aspect of the
present invention, an infusion pump for expelling a fluid from
a fluid reservoir. The infusion pump comprises a housing
having a chamber therein for receiving a reservoir, and a
first wall on the housing for contacting the fluid reservoir.
A second wall is movable between a first position, distanced
from the first wall to form said chamber therebetween, and a
second position relatively closer to the first wall, for
forcing fluid out of the fluid reservoir. Preferably, the
first and second walls are provided with non-planar
complementary surface configurations to minimize the change in
the contact area between each of the first and secoﬁd walls
and the fluid reservoir throughout the dispensation cycle.

The housing is provided with a loading port for inserting
a fluid reservoir into the chamber between the first and

second walls. 1In one embodiment, the first wall is removably



the ball oon expands in all directions, the shape of the housing enclosing
the .ball oon is round. This round shape does not conformwell to the patient
when worn in the patient's pocket. Furthernore, sone of the |atex ball oon
style devices require a special nmachine to fill and pressurize the balloon
wi th a drug. Consequent |y, the pharmekist nust use the special machine
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removably Alternatively, two, three, or more springs can be utilized.

A variety of retractors are provided for retracting the
second wall from the second position to the first position,
such as for loading a fluid reservoir within the device. 1In
accordance.with one embodiment of the retractor, the retractor
comprises a lever pivotably secured to the housing. The lever
comprises a grip end for gripping by a user of the pump, and
a cam end for engaging a projection secured to the movable
wall. Lifting the grip end of the lever away from the housing
advances the projection along the cam to retract the movable
wall. Preferably, the cam comprises a friction surface for
contacting the projection, and for retaining the grip at at
least one preselected stationary position between the limits
of its range of motion.

In an alternate embodiment of the retractor, the
retractor comprises a first component having a thread thereon,
and second component having a complementary thread thereon for
engaging the thread on the first component, so that relative
rotation of the first component with respect to the second
component retracts the movable wall from the second position
towards the first position. In one embodiment, the first wall
is threadably removably engaged with the housing to permit
removal thereof, for installation of a fluid reservoir between



-3- secured to the housing for installation of the first reservoir. Ln an
al ternate enbodi nent, the |oading port is disposed on the side wall of the
housing so that the fluid reservoir may be laterally inserted between the
first and second walls. I n one var4-at+on, the second wall conprises
two or noretlkstiimdt zordd. Andenthal seghmd ivlproviwdeErdion ddmesdanyt he
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secured to {ifed@s®i NLgibM bRV&he post, and rotated to retract the
movable wall from the second position to the first position.
Alternatively, the retractor comprises a threaded post -
extending through the housing and cooperating with a
compléementary thread secured with respect to the housing, so
that rotation of the threaded post about its longitudinal axis
advances the post in an axial direction, thereby retracting
the second wall against the spring bias. -

In a further embodiment of the retractor of the present
invention, the retractor comprises an axially collapsible
linkage for connecting a retractor component exposed_to'the
outside of the housing to the movable wall. In one aspect of
this embodiment of the present invention, the axially
collapsible linkage comprises a first elongate element axially
movably disposed within a second tubular element.

Alternatively, the axially collapsible linkége comprises
at least two pivotably connected 1links, for limiting the
maximum separation between the second wall and the retractor
component exposed to the outside of the housing.

In accordance with a further aspect of the present
invention, there is provided an indicium of the completion
status of the dispensation cycle. In one form, the indicium
comprises a scale for evaluating the position of the movable
wall along its axis of travel. This embodiment provides the
user with a continuous expression of the current status of the
dispensation cycle. 1In another form, the first wall comprises
a window, and the indicium becomes visible through the window

at the completion of the dispensation cycle.



conpfises a grip end for gripping by a user of the punp, and a
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Inflation of the bladder from an empty to a full condition
compresses the movable wall from the second position to the
first position.

The present invention provides a sprinq"housed within a
first shell and a collapsible fluid delivery bag housed within
a second shell, wherein the reception of the second shell
within the first shell compresses the spring against the fluid
delivery bag and the subsequent expansion of the spring slowly
forces fluid from the f£fluid delivery bag. The first and
second shells are threadably engaged to provide a mechahical
advantage to ease compression of the spring when connecting
the shells. The drug delivery system of the present invention
is preferably constructed as a platen pump. It includes a
platen positioned between the spring and the fluid delivery
bag to distribute the 1load from the spring over a
substantially flat portion of the bag. The platen is
rotatably attached to the first shell so that when the shells
are being screwed together the platen does not apply torgque to
the fluid delivery bag. The fluid delivery bag used with the
platen pump of the present invention is advantageously formed
as a circular pouch. '

This device allows for the use of conventional, low cost
manufacturing methods and facilitates reuse of the cylindrical
housing for multiple dose drugs such as antibiotics.

The present invention provides a flexible generally
inelastic medication container for use with a compression pump

for compressing the container to express medication therefrom.
— t-f-~w ~amnwicoe first and second opposing, flexible

resges t he nnvable\gfl éron1the



Alternatively, the retractor conprises a post secured with respect to the
novabl e wall, and having a threaded region thereon, for cooperating with a
conpl ementary thread on a rotatabl e key. The key is threadably engaged ’
with the threaded region on the post, and rotated to retract the novable
wal I fromthe second position to the firsf_position. Alternatively, the
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' container walls has a thickness of from about 0.5 inch to 1.0
inches and the diameter of the planar portion of the walls in
a containerl full of fluid ranges from 2.4 inches to 2.8
inches. The medication container may be used in combination
with a platen pump. ' _

Further features and advantages of the present invention
will become apparent to one of skill in the art from a review
of the Detailed Description of Preferred Embodiments which
follows, when considered together with the attached claims and
drawings.

Brief Description of the Drawings .

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

Figure 2 1is a partial cross-sectional view of the
infusion device of Figure 1 with the shells not engaged.

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

‘Figure 4 is a cross-sectional view of the infusion device
of Figure 1 with the shells fully 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.



a wi ndow, and the indicium becones visible through the wi ndow at the

compl etion of the dispensation cycle. I n accordance
with a further aspect of the present i nvention, the retractor
conprises at |east one pressure activated expansible reservoir. In
one form the expansible reservoi47eonprises at | east one pneunatic
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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 in accordance with the
present invention.

Figure 10 is an elevational cross-sectional view of the
pump illustrated in Figure 9.

Figure 11 is an elevational cross-sectional view of the
pump illustrated in Figure 9, partway through the dispensation
cycle.

Figure 12 is an elevational cross-sectional view of the
pump illustrated in Figure 9, at the completion of the
dispensation cycle. |

Figure 13 is an elevational 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 view of the
pump of Figure 13, partway through the dispensation cycle.

Figure 15 is a cross-sectional elevational view of the
pump illustrated 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 alternate multi-
segment platen.

Figure 18 is an elevational cross-sectional view of a

lever assisted spring retractor in accordance with the present



advant age to ease conpression of the spring when connecting the -

shells. The drug delivery systemof the present invention S
preferably constructed as a platen punp. It includes a pl at en
positioned between the spring and the flLurd delivery bag to
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embodiment of Figure 21, with a key in place.

Figure 23 is an elevational cross-sectional view of the
embodiment in Figure 21, at the commencemént of the
dispensation cycle.

Figure 24 is an alternate embodiment of the design
illustrated in Figure 23.

Figure 25 is an elevational cross-sectional view of an
infusion pump having a collapsible platen retractor.

Figure 26 is an elevational cross-sectional view of the
pump of Figure 25, at the completion of the dispensation
cycle.

Figure 27 is an elevational cross-sectional view of an
ultra-low profile pump in accordance with the present
invention.

Figure 28 is an elevational cross-sectional view of the
pump of Figure 27, with the platen fully retracted.

Figure 29 is an elevational cross-sectional view of the
pump of Figure 27, at the commencement of the dispensation
cycle.

Figure 30 is an elevational view of the pump illustrated
in Figure 29.

Figure 31 is an elevational cross-sectional view of an
alternate platen retractor in accordance with the present
invention.

Figure 32 is an elevational cross-sectional view of the
retractor of Figure 31, in the fully retracted position.

Figure 33 is an elevational cross-sectional view of the



chanber. therebetween, the seam extending generally in a plane through the
contai nér and defining an outer peripheral configuration of the nedicgiion
container, and an effluent fluid flow port on the container for providing
fluid communication with the chanber.¢. The outer peripheral
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cycle. o
' Figure 39 is an elevational cross-seéfional view of the
folding link platen retractor in accordance with the present
invention.

Figure 40 is an elevational cross-sectional view of the
embodiment of Figure 39, with a retracting key in place.

Figure 41 is an elevational cross-sectional view:- of the
embodiment of Figure 39, at the commencement of dispensation
cycle. '

Figure 42 is an elevational view of a linkage assembly.

Figure 43 is an elevational view of an alternate linkage
assembly. -

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

Figure 45 is an elevational cross-sectional view of an
empty indicator in accordance with the present invention.

Figure 46 is an elevational cross-sectional view of the
embodiment of Figure 45, at the completion of the dispensation
cycle. ’

Figure 46A is an enlarged portion of an elevational
cross-sectional view of the embodiment of Figure 45, at the
completion of the dispensation cycle.

Figure 47 is a bottom plan view through the transparent



of Figure 1 with the shells fully engaged. Figures 5a and 5b are.a
pl an view and side view, respectively, of the rotatable spring retainer
used in the infusion devices of Figure 1. ' Fi gures 6a and 6b
are a plan view and side view, respectiV%T¥, of the platen used in the

i nf usi on d&VARW P L Friyer @mROdiment 0§ FI9T 543 - plan view of the fluid
delivery bag ofriderer eseris ianviesyh i phan viewFicfure Bowspaofidenailriding ew

of an alternat ' nf usko eyi A nt invention.
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an open positi diigure 4Fjigupesifej elevationaicciewf thewgmodimentfaii on
devi ce of ﬁiéﬁgé&@%j|1 a cl osed position. Figure 9 is a top perspective
view of a dual concentric platen enbodi nent of the infusion punp in

accordance wit FYFRFpdit a AYEnRt phavational yige af the grhqdipmantynd
Cross- seCtFitnate VAW Hf tie Pomendeneht ab£dthe GigpeAs8tion cycle.

Figure 51 is a side elevational view of the embodiment of
Figure 48, partway through the dispensation cycle.

Figure 52 is a top perspective view of a scissor-type
biasing means in accordance with the present invention.

Figure 53 is an elevational cross-sectional view of the
embodiment of Figure 52.

Figure 54 is an elevational 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.

Figure 57 is a plot of percent change in pressure versus
volune.

Figure 58 is a plot of fluid pressure versus volume.

Figure 59 is a plot of percent change in pressure versus
volume.

Figure 60 is a plot of force versus volume.

Figure 61 is a top plan view of the fluid container
embodying the present invention:

Figure 62 is a left side view of the fluid container of
Figure 61; .

Figure 63 is a front view of the fluid container of
Figure 61;

Figure 64 is a rear view of the fluid container of Figure
61;

Figure 65 is a left side cross-sectional 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;



ngure'll I's an el evational cross-sectional view of the punp illustrated in
Figure 9, partway through the di spensation cycle. Figure 12 is an
el evational cross-sectional view of the qup illustrated in Figure 9, at

the conpl etion of,.the dispensation cygclé.’” Figure _13_js an,elevati.onal
cross- sect i onal %?g%rgf ggnuf?i-%edﬁéﬁi ﬁﬁgfénvéﬁ%bdfﬁen L?n %%ggfﬂﬁﬁége
with the prembptimengnishown an tFigusemdéricenent of the di spensation cycle. .

Figure 14 is a C’fﬁgﬁ‘r%e%ts' qraly ¢heyat varal of amdfaiter PaeDy of ehbaHk fehd
partway through thé dispensation cycle. Figure 15 is a cross-sectlional
el evati onal SRP¥R P FREYEEMPGi| | ustrated in Figure 13, at the conpletion of
t he di spensati onrayohe. 69 is R ovésr 16iéw aft ahepladrtatrent Die dembodiment
nulti-segnenhgglaten ) acc&;dance wi th one aspect of the invention.

Figure 17 i §P8¥PopPpFad Wit

df an alternate multi- segnent platen.
Figure 18 is an Pliguaki Goaliscanstheecalberhative efbadliment afstheedlapjd ng

retractor ipogecordance wth g@?%fﬁgh Figure 19 is an

el evati onal cross-sec%lona VI €W > ]
Figure 71 is .a left side wview of the alternative

embodiment shown in Figure 70;

Figure 72 is a front view of the alternative embodiment
shown in Figure 70;

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

Figure 74 is a top plan view of another alternative
embodiment of the fluid container shown in Figure 61;

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

Figure 76 is a front view bf the alternative embodiment
shown in Figure 74; '

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

Figure 78 1is a top plan view of another alternative
embodiment of the fluid container shown in Figure 61;

Figure 79 is a left side view of the alternative
embodiment shown in Figure 78;

Figure 80 is a front view of the alternative embodiment
shown in Figure 78;

Figure 81 is a rear view of the alternative embodiment
shown in-ﬁigure 78; ' '

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

Figure 83 1is a 1left side view of the alternative
embodiment shown in Figure 82;

Figure 84 is a top plan view of another alternative

embodiment of the fluid container shown in Figure 61;



enbodi ment of Figure 18, with the platen in the retracted position.
"Figure 20 is an el evational cross-sectional view of the enbodi nent of .-

Figure 18, at the commencenent of the dispensation cycle. Figuré 21 is
an el evational- cross-sectional view of a key-operated platen retractor in
accordance with the present invention. )2 _Figure 22 is an el evational
cross-sectional vj.ew of ge enbodi of gure 21, 't ga

Figure 23 is an 5]@V§Floh tF¥ o3 - ggc i oA eyi RSOt ?ﬁg % §EP&E_

Figure 21, ambdidmegrmshosmenin dfigure (ﬂ‘lspensat ion cycle. F| gure 24 is

an al ternate embodienl @f fhe é’e%B?;“ pldaisviakedd NnafbaHee ?a%iternatfwure
25 is an el evation Cr 0Ss- sectlona

vi ew of an infusian, aving a
col | apsi bl e%b@ldé@% efctde fluid gopfadngy jshoyp éirb\f‘dtqp‘ﬂ?rgls
cross-sectional \Hjepref ghe PyMa ofLdftguisA a5, vakwt hef cotipé etd Dreiat e
di spensati on lgure 27 i.s }% elevational cross-sectional view
(of

of an uItraQﬁng$mﬁﬁq éhﬁﬂ i F &S 4iYe with the present invention.
Figure 28 is an eh.@\urtel osl 1sroesstspctplmal viewwaf ahethekp afternakive?,

with the platendiuldy b ! %Ciul e§:7?s%dw§1 ah qif#gsé gl

cross-sectional vi ew o t he punp ure he co ncenent of the
di spensation cyclFdgure BPguie 3D|l?ﬁﬁ1(ﬂlgﬁatVéﬁHI 9f evkRe t%ﬁi%ﬁnﬁﬁlve

i1l ustrated dnfhdditent 2hown in Figure 88.
Detailed Description of the Preferred Embodiments

Referring now to the figures, the infusion device of the
present invention shall be called a platen pump. The platen
pump is formed in tw6 parts, a pressurizing portion and a
fluid containing portion. Each portion is housed in a
container or shell. A pressurizing shell 12 includes a
helical spring 14. A fluid containing shell 16 includes a
.chamber 17 for housihg a fluid delivery bag 18. When the
pressurizing shell 12 and the fluid containing shell 16 are
connected to form the enclosed pump, the fluid delivery bag is
pressurized by the spring 14. Fluid is thus continuously
forced out of the bag 18 through an outlet tube 20 in fluid
communication therewith. Controlled fluid flow is achieved
with a small diameter fixed orifice 46 located at or near the
end of the tube. The pump of Figure 1 is 3 1/2" in diameter
and 1.7" high. A selectively releasable clamp 34 may be
applied to the outlet tube to stop fluid flow from the pump.
Releasing the clamp restores.fluid flow. '

In accordance with the presently preferred embodiment of
the invention, the pressurizing means is a conical helical
coil spring 14. The spring is formed from stainless steel or
a suitable spring material. The coils of the spring are made
progressively larger so that when compressed the spring coils
can overlap to compress to a lower height than a conventlonal
compression spring. When the spring is expanded it takes on
a conical shape. The conical helical spring exerts the

greatest force when it is fully compressed. The force is



Figure 31 is an elevational cross-sectional view of an alternate platen
retractor in accordance with the present invention. Figure 32 is an

el evati onal cross-sectional view of the retractor of Figure 31, in the
fully retracted position. Figure 33 is an el evational cross-sectional
vi ew of the retractor of Figure33l, at the commencenent of the
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Cross- sectyeiny! $¥ngknt & but a fraction of its total free length.
This insures that the force applied by the spring is kept
within an acceptable tolerance from the beginning to the end
of the infusion. In accordance with the preéently preferred
embodiment, the change in force exerted by the spring over the
course of an infusion as compared to the initial force it
exerts when compressed against a full fluid delivery bag is
less than +20%. 1In accordance with the invention, the spring
length should be selected such that the change in force over
the course of an infusion is less than 20%. In addition to a
conventional compression spring, this'concept'would apply to
a leaf spring, if it was used instead, where the deflection in
the leaf spring is but a fraction of the total possible
deflection. '

A flexible cable retainer 26 encircles the spring 14 to
set its initial compressed height and also to prevent it from
expanding beyond the height of the pressurizing shell 12. 1In
the presently preferred embodiment, two cables 26 are used.
Thus, the spring 14 does not bear against the fluid delivery
bag when the pressurizing shell 12 is initially engaged with
the fluid'containing shell 16. This makes it easy for a user
to bring the two shells together. With the spring in its
initially compressed state, the force differential between the
full position shown in Figufe 4 and empty position with the
bag squeezed to a completely collapsed position is less than
20% of the initial force in the full position. While the
conical helical coil spring is preferred, it would be possible
to-make a platen pump witﬁ a leaf spring, a pressurized
bladder, a standard helical compression spring or a canister
of pressurized gas to act as the pressurizing means.



folding link platen retractor in accordance with the present invention.
Figure 40 is an el evational cross-sectional view of the enbodi nent of

Figure 39, with a retracting key in place. Figure 41 is an elevational”
cross-sectional view of the enbodi nent of Figure 39; at the commencenent of
di spensation cycl e. Figure 42 is an-e¥evational view of a |Iinkage
assenbl y. Fl'gme esm3llestncel bvef iwealspaiaw dfs aietatantattaeedeto
assenbl y. 98£§d4§nhso§nt%%e¥&@égﬁylé¥ﬂﬁﬁ%ﬁ€¥1'Qﬂa| Thewspridy is

i nf usi on punp avin rag el ement in accordance with the present
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45, at the C&Q@j.§t ?%n of phiRe MSRPSPILVBR D! €8s free thurxeotfh?té Sof b&;éom
pl an vi ew t hroug e trans ar ent

shoulder 29. e rotatable spring retainer 22 is mounted to
an anchor pivot 28. The spring retainer 22 centers the spring
to the shell. A spring stop 23 clamps the end coil of the
spring to the spring retainer and prevents the spring from
dislodging from the spring retainer 22. The screw 31 holds
the anchor pivot 28 and the spring stop 23 together. The
spring retainer 22 is sandwiched between the anchor pivot and
the spring stop.

. Preferably, in the present invention, a fluid delivery’
bag is pressurized to only about 5 psi which requires only
about 30 pounds of force. 1In order that health personnel or
the patient can pressurize the pump without assistance, the
pressurizing shell 12 and fluid containing shell 16 are
threadably engaged. 1In the presently preferred embodiment;
the pressurizing shell has inner helical 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 threads can be increased for a given torque.

The pfesently preferred embodiment uses four (4) threads per

inch so that it is relatively quick and easy to screw the

shells together to fully pressurize the phmp. The threads

_ provide a mechanical édvantages so that a modest amount of

v torque can generate sufficient amounts of axial 1load to
compress the spring.

The platen 24 is located between the spring 14 and the
fluid delivery bag 18 when the two shells are connected. The
platen 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 substantially flat central portion of



-10- W ndow of the embodi nent of Figure 45. Figure 48 is a top plan
vi ew of* a lowprofile sliding spring retractor enbodi ment of the present

i nventi-on. Figure 49 is a side elevational view of the enbodi ment of
Fi gure 48. Figure 50 is a side elevational view of the enbodi nent of
Figure 48, at the comrencenent of the dirgpgensation cycle. Figure 51 is
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to the bottom of the platen 24 and the cable 26 all rotate
ffeely about the axis of the pressurizing shell. Thus, when
the pressurizing shell is rotated with respect to the fluid
delivery shell to thread the two together, the pressurizing
shell turns independently of the platen 24. The platen 24
should remain stationary with respect to the fluid delivery
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, anti-rotation
tabs can be attached to the outer edges of the platen 24. The
tabé would extend out radially to engage slots in the wall of
the fluid containing shell 16. The tabs would be guided in
the slot, thus preventing the platen from turning with respect
to the fluid containing shell. It has been found that
rotatably attaching the spring and platen to the pressurizing
shell is sufficient to avoid applying undesirable torgue to
the fluid delivery bag. The tabs and slots are not required.
Because it is desirable to have a device which allows the
patient to examine the volume of fluid still retained in the
fluid delivery bag so that the patient can determine when the
bag is empty, preferred embodiments of the present invention
utilize a clear plastic window 38 in the bottom of the fluid
containing shell 16. Due to cost and safety considerations,
especially preferred embodiments of the present invention use
a clear plastic, such as polycarbonate, as the window
material. A legend such as the word "Empty" or "E" or some
other symbol is embossed oﬁ the bottom side of the platen 24.



Figure 63 is a front view of the fluid container of Figure 61, Figufe .

64 is a rear view of the fluid container of Figure 61; Figure 65 is a
| eft side cross-sectional view of the fluid container of Figure 61 when
full of fluid; Figure 66 is a top plan view of an alternative

enbodi ment of the fluid container shown-is Fi gure 61; Fi gure
67 is al efdvarﬂjacd;eouwlefw tfe 1legendl Mrlrlatha/efle@mbdpnemllagwme nwRiegur e
66; Fi QU %@8 L1 Sudil OBhe VeI ontd}s A d 0k ha e ceahaliiRile SOOHBOL"
Fi gure 66; ure s arear view of the alternative enbodi nent.
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rear vi ew obnt lthealglerteat 124 coresli imho fboua thrEughr&héObottom of the
fluid containing shell due to the transparent nature of the
fluid delivery bag and the contact clarity of the disk. This
can be used to provide a clear indication of when the fluid
bag is empty. It has been found that a small amount of
silicone oil between the window and the disk will enhance the
clarity.

To the extent possible, it is desirable to maintain a
relatively constant flow rate throughout an infusion with the
platen pump. In order to minimize changes-in the internal
pressure within the fluid delivery bag, it is important that
the surface area of contact between the bag and the rigid
surfaces pressing against it be kept constant. In accordance
with the present invention, the bottom of the chamber 17 in
the fluid containing shell 16 is contoured to evenly support
the bottom of the bag over its entire area. Thus, the surface
contact against the bottom of the bag remains constant during
the full stroke of the platen. In the figures, a curved
contour’ is shown about the periphery of the chamber 17. The
bag 18 when filled with fluid matches this curved contour to
receive support over its entire area. The cohtour of the
chamber 17 could also be achieved with a 45° angle about the
periphery. While the bag 18 might not completely fill the
corner formed by the angle, the contour of the surface areas
should be adequate to provide substantial support and contact
with the bag's entire area.

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 beyond a flat
central portion of the fluid delivery bag. If only the flat
portidn of the platen were to act on the bag, a residual fluid
would remain in the bag about its periphery at the end of the



Figure 74 is a top plan view of another alternative enbodi nent of the fluid

cont aiier shown in Figure 61, Figure 75 is a left side view of
the alternative enbodi nent shown in Figure 74; Figure.76 is a front
view of the alternative enbodi nent shown in Figure 74; Figure 77 is a
rear view of the alternative enbodi nent-shewn in Figure 74; Fi gure 78
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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 recessed ring
42,

An opening 30 is provided in the fluid-con‘t:aining~ shell
through which the outlet tube connected to the fluid delivery
bag 18 can be extended. An outer wall 32 of the fluid
containing shell can be provided to serve as a grip. When
screwing the shells together, one hand holds the outer wall of
the pressurizing shell and the other hand holds the outer wall
32 of the fluid containing shell 16.

' These two shells of the pump are circular in shape to
permit threadable engagement. Referring now to Figure 7, the
fluid delivery bag 18 for use in the platen pump is a circular
pouch connected to an outlet tube. The circular pouch,
advantageously, has no corners. Thus, the seam 44 of the bag
is uniformly stressed. To assist in achieving uniformity of
pressure in the bag, the periphery of the bag has a curved
contour when filled. The center portion of the bag is
substantially flat so that the contacting surfaces between the
platen and the bag can remain relatively constant throughout
an infusion. The bag is made from a suitable pliable
biocompatible plastic material, such as a class VI, PVC
biocompatible plastic. The bag is formed from two sheets that
are RF welded together and trimmed around their circumference.
The round shape of the bag achieves uniform stress on the
welded seam.

The outlet tube 20 is connected to the bag 18. The tube
20 may lead to a restricted orifice 46 which restrains the
flow of fluid from the delivery bag when it is pressurized.
Orifices of .004" to .008" diameter are presently



Figure 85 is a left side view of the alternative enbodi rent shown in Figure . -
84; Figure 86 is a top plan view of another alternative enbodi nent.of :
the fluid container shown in Figure 61, Figure 87 is a left side
view of the alternative enbodi nent sh;\rg%,i n Figure 86; Figure 88 is
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be added to the bag. .

The end of the outlet tube can be connected to a luer
adapter 50. The adapter is a threadably engaged connector.
It is designed to mate with a threadably engaged disconnect on
an IV line. In order to pefmit reusability of an infusion
set, the outlet tube 20 of the fluid delivery bag can be
directly connected to a second 1luer adapter 50 (not
illustrated) approximately 3 inches from the drug bag. A
clamp would be used on the tube between the bag and the luer
adapter 50. Fluid may be injected in through the luer adapter
50 so a Y-injection site would not be needed. When the drug
‘has been expended, a new drug bag may be attached to the IV
set, thus reusing the IV set for multiple doses over a 24 to
48 hour period.

In practicing the invention, the clamp 34 is used 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 full should have a substantially flat top
and bottom central portion when resting on a flat surface.
The needle is removed. The bag, with its permanently affixed
IV line, is placed in the chamber 17 of fluid containing shell
16 with the IV line passing through the opening 30 in the
bottom of the shell. When the upper and lower shells are
brought together, the threads should preferably engage
initially before the platen 24 pressurizes the bag. The two



L.n ac'c_o'_rdance with the presently preferred enbodi nent of the invention, the
pressuri.zing means is a conical helical coil spring 14. The spring is
formed fromstainless steel or a suitable spring material. The coils of the
spr:ng are nadF progressively larger so ;hat when conpressed the spring
coils can overlap to conpress to a | owef”hei ght than .a conyentional. .
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bag has been emptied. The output 1line is removed or
disconnected from the patient. The two shells are then
unscrewed and the drug container and IV line are discarded.
The pump can be reused. -
Referring now to Figures 8, 8a and 8b, an alternate
; embodiment of the present invention illustrated. The
numerical labels in the drawings are 100 higher than
corresponding elements in the first embodiment.. When it is
desired to use a conventional rectangular drug delivery bag
188, the alternate embodiment can be used. The fluid
containing shell 116 of the alternate embodiment is provided
with a rectangular chamber to accommodate the rectangular drug
delivery bag. The fluid containing shell 116 is formed by an
upper portion 152 and lower portion 154 attached at one end by
a hinge 156. The opposite ends are connected by a latch 158
when the upper and lower portions are closed. The'upper
portion 152 includes a threaded cylindrical wall 119 for
interfacing with the threaded wall 113 of the pressurizing
shell 112. The platen 124 attached to the spring 114 of the
preésurizing shell 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 shell is unscrewed and loosened on the fluid
containing shell. The fluid containing shell is opened about
its hinge or sliding means. A fluid delivery bag is inserted.
The fluid containing shell is closed at its latch.  The
pressurizing shell can then be screwed onto the fluid

containing shell to pressurize the drug delivery bag.



course of an infusion as conpared to the initial force it exerts when
conpressed against a full fluid delivery bag is less than 20% In
accordance with the invention, the spring,length should be selected such
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Referring to Figureé 9-12, there 1is disclosed a dual
concentric platen embodiment of the infusion pump in
accordance with the present invention. Infusion device 160 is
provided with a housing 162, comprising a cover portion 164
and a base 166. As with previous embodiments, the cover 164
and base 166 are preferably formed in accordance with
conventional techniques for the production of medical device
housings, such as injection molding of <thermoplastic or
thermoset polymers. Alternatively, any of a variety of other
techniques may be utilized, including fabrication from sheet
metal stock, as will be well understood by one of skill in the
art. |

The cover 164 and base 166 can be secured together in any
of a variety of manners disclosed elsewhere herein. For
example, cover 164 and base 166 can be provided with
complementary surface structures such as male and female
engaging threads. For this purpose, base 166 is provided with
an annular, axially extending wall 170 to provide an extended
surface contact area between the base 166 and cover 164.
Alternatively, the contacting surfaces of the cover 164 and
base 166 are provided with complimentary pins and J- or L-
shaped grooves to permit a press-and-twist fit interlock. Any
of a variety of alternative interlocking structures may be



Thé-smaltest coil of the spring is rotatably attached to the closed end of
the pressurizing shell 12. The spring is attached to the pressurizing shel
by a rotatable connector including a spring retainer 22, an anchor pivot

28, a spring stop 23 and a screw 31. The-anwchor pivot 28 is seated on a
shoul der 29 emdilicledgricthotgeinulbéplepsebnents prledsur i embod sheht dZ. the
The anchor piyQt %ﬁxﬁﬁ free to rotate on the shoulder 29. The rotatable )
spring retainer 2% mounted to an anchor pivot 28. The spring retainer 22
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the spring tQtihgzeRl,i ke’ BhakNebsaafdapeevent 564 heays Wi May MoR diedDAd Me
fromthe spring retai ner 22. The screq?31 hol ds  he anchor pivqt 28 and the
spring stop 3§™MPY er Conngeredy i ng F ai MR s tndfi cRafSbe e

anchor pi vot e]?libﬁdglﬁ?rlﬂ:pr ibag;eﬁtlep: and coveeflxsabiay benintegraddsantformed or
i nvention, a_flui iver a 0 | :
requires onl Feé-ﬂ‘gunte ngﬁgzggegf£$%$é§‘.§'§ﬁ1d%§g%?t%te_h§% xﬁ_gla&%t%]l %‘ﬁbﬁﬁ%e%%r’
the patient dantpissembedémens,panpoperhoutisgyatidre in i sdsa Madilngo
shel | 12 a“dg;ewi% %%%' Rt e alfiedlifathbaadal! ¥eth@aacthel Pethlcted

presently préferred e I ment, the pressurizing shell has inner helical
threads 13 akdatsd® And Pase @i Re HeFFussdouter helical threads 19.
By increasing the mningeiepil | hbasds 164, | aahulabe vaxilal 17or endoresveed Uuy
the threads %%gpggakng%F%%gmrgrcﬁa .%%nlsgrggg'COntaining the functional
components of the infusion device 160. In the illustrated
embodiment, a first platen segment 176 is biased against a
medication bag 174 by means of a coil spring 178. Platen
segment 176 is'provided with an axially extending spring guide
184, which may comprise an axially extending annular wall or
a plurality of axially extending projections. 'Spring- guide
184 assists in maintaining the axial alignment of the spring
178 during repeated tensioning and discharge cycles of the
infusion device 160. The spring guide 184 may alternatively
be positioned on the radially interior side of spring 178, as
well as on the radial exterior or radial interior side of the
spring but depending from cap 164, as will be apparent to one
of skill in the art. _

The first platen segment 176 is provided with a radially
outwardly extending annular flange 186 for cooperating with a
radially inwardly directed stop 188 on second platen segment
180. Stop 188 is axially spaced 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 concentrically about the first platen 176. Second
platen 180 is independently axially movable with respect to
first platen 176, and moveable from a first position spaced
apart from the plane of first platen segment 176 to a second
position substantially in the plane of first platen segment



The presently preferred enbodi nent uses four (4) threads per inch so that
it is relatively quick and easy to screw the shells together to fully
pressurize the punp. The threads provide a nechanical advantages so that a
nodest amount of torque can generate sufficient anmobunts of axial load to
conpress the spring. The platen 24 ig J.ocated between the spring 14 and
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The illustrations contained in Figures 9-11 are
simplified somewhat to highlight the multiple platen aspect of
the invention. However, a variety of additional features will
generally be incorporated into a finished device. For
example, a spring or platen retraction structure for
retracting the platen and limiting the distention of the
spring in the absence of a base 166 or fluid bag 174 is aléo
typically used. A variety of suitable retention structures
are disclosed elsewhere herein, or will be immediately
apparent to one of skill in the art in view of the present
disclosure. In a side loéding-type embodiment, a spring
retraction structure is particularly desirable.

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 port 169. Modification of
the port 169 to accommodate the various relationships between
the cover 164 and base 166 will be apparent to one of skill in
the art. Alternatively, in a side loading embodiment of the
multiple segment platen pump, the port 169 is preferably
configured in the form of a circumferentially extending slot
having a wide enough opening in the circumferential and axial
directions to accept the appropriately sized fluid bag 174.

In general, the fluid bag diameters contemplated for use
in accordance with the present invention are in 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 sized bags



accomodat e the cables 26. A plastic |abel- 36 may be adhered to the bottom
of the platen 24 and the cable 26 all rotate freely about the axis of the
pressuri zing shell. Thus, when the pressurizing shell is rotated with
respect to the fluid dellvery shell to thread the two together, the
pressurizing shell turns independently of the platen 24. The platen 24
should remain stationary with respect 4+@34+he fluid delivery bag so that no
t or si onal ch@adé sreapdilyyedpmiuded bag. acdordamtsy Wwa thectizei da.lslqquimayent
twisting the fluid delivery bag 18 when the two shells are screwed
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t he bottomhgnd&h@fmﬂdaq@tan1bag 174 is approximately one—half empty,
and Figure 12 illustrates the device when the fluid medication
bag 174 has been substantially completely emptied.

In a dual segment platen embodiment designed for use with
a 3.5-inch diameter, 1/2 inch thick 50 cc medication bag 174,
the first platen 176 has a circular contact surface havxng a
diameter within the range of from about 2.2 to about 2.8
inches. The bag contact surface on second platen 180 is in
the form of an annular ring, with the width of the ring at any
one point being within the range of from about 0.4 to about
0.7 inches. The overall outside diameter across the entire
second platen 180 is approximately equal to the exterior
diameter of the bag. -

The relative extent to which the second platen 180 can
travel distally along its path of travel with respect to the
first platen 176 is limited by the axial height of the support
190. In an embodiment ha?ing a bag which is approximately
one-half 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 alternate multi-segment
platen embodiment at Figures 13-17. Referring to Figure 13,
infusion pump 192 comprisées a housing 194 having an upper wall
196 and lower wall 198. Upper wall 196 and lower wall 198 may
be rigidly secured with respect to one another, or removably



Advant ageously, the legend will be fuzzy or illegible when viewed through
the el astoneric disk and transparent w ndow when there is liquid in the
fluid delivery bag. Wien the bag has been enptied and the platen lies flat’
agai nst the |ayers of the bag, disk and the bottom of the chanber 17, the
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bag over |t entire ea ace contact against the bottom of
t he bag remains éoﬁygahgrdgppngs formed between upper wall 196 and lower

wall 198 to receive the functional components of the infusion
pump 192. A platen 202 is movably disposed between upper wall
196 and lower wall 198. Platen 202 comprises a central region
204 and a peripheral region 206. Referring to Figure 16, a
multi-segment peripheral region 206 is illustrated.

Central region 204 is biased in the direction of lower
wall 198 by at least one central 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
lower wall 198 by one or more peripheral springs 210.
Although each of the peripheral segments 214 can be provided
with independent biasing means, a single annular peripheral
spring 210 has been determined to perform satisfactorily in
embodiments of the present invention.

An approximation of the deflation cycle is illustrated in
Figures 13-15. At the completion of the infusion cycle, the
platen 202 1is biased against the 1lower wall 198 to
substantially completely expel all of the contents of the
fluid bag. In this embodiment, the lower wall 198 is provided
with an axially upwardly inclined peripheral zZone 199, which
is dimensioned to be complementary with the peripheral region
206 on platen 202.



the full stroke of the platen. In the figures, a curved contour is shown
about the periphery of the chanber 17. The bag 18 when filled with fluid
mat ches thi's curved contour to receive support over its entire area. The
contour of the chanmber 17 could al so be achieved with a 45 angle about the
peri phery. Wile the bag 18 mi ght not conpletely fill the corner forned by
the angle, the contour of the surface "a€as should be adequate to provi de -
substantial suRsferning comtBEFuRet Aot h82FRgL &G ReTY ral seqments,) gq
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in Figure 14. Preferably, however, the hinge 215 comprises a
relatively more flexible zone than the surrounding material of
platen 202. This may be provided, for example, 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 central zone 204 can be formed separately
from the peripheral segments 214, and assembled thereafter
such as by mounting the central 2zone 204 and peripheral
segments 214 on a flexible sheet of material. reduced
thicknesses can be produced by injection molding of the
platen. Any of a variety of stamping and/or milling or
grinding techniques may also be utilized to produce an annular
groove in the material of an integrally formed platen 202.
Referring to Figure 17, there is disclosed an alternate
embodiment of the platen 202, particularly adapted for an
infusion pump designed for use in an octagonal housing. .
Spring rates and lengths may be selected to complement
the respective surface areas of the central and peripheral
zones to achieve the most acceptable internal bag pressure.
Referring to Figures 18-20, there is disclosed a leverage
assisted spring retractor for loading an infusion pump 216 in
accordance with the present invention. The spring retractor
is conveniently operated by a patient actuated 1lever, to
retract the platen against the 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.
Referring to Figure 18, infusion pump 216 is provided

with a spring retractor 218. Spring retractor 218 is operated



contour of the chanber bottom could also be used. Near the end of an

I nfusion, as the platen 24 descends towards the chanber bottom fluid which
builds up about the periphery of the bag 18 is pushed out by the edge 40
and the recessed ring 42. An opening 30 is provided in the
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force to the platen 226. Although illustrated as a unitary
platen 226, the spring retractor in accordance with this
aspect of the present invention can be readily utilized with
the dual platen embodiment which has previously been
disclosed.

To facilitate lifting of the lever 220, the lever 220
extends slightly beyond the outer periphery of the housing 232
to provide a tab 221. Alternatively, any of a wide variety of
friction enhancing or gripping surface structures can be
provided, as will be apparent to one of skill in the art.

In addition, 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 readily lifted slightly away from
the upper housing 232 so that the patient can easily position
fingers underneath the lever 220 before retracting the lever
against the resistance provided 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
Figures 18-20, the housing comprises an upper housing 232
removably secured to a lower housing 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



flow of fluid fromthe delivery bag when it is pressurized. Oifices of
.004" to .008", dianeter are presently contenpl ated. In order
to prevent the orifice frombecom ng bl ocked, an optional particulate
filter 48 can be inserted in the outlet tube to stop the flow of particles
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bag can bgngi b8Cld WL Ne&; 28ty 00T AN OheataPERR P (WOilized in
place of the iliustrated threads 236. For example, snap fit
structures, hinge and latch arrangements, and the like can be
readily adapted for use. Alternatively, side installation
embodiments are also contemplated by the present inventors.
For example, the upper housing 232 and lower housing 234 can
be integrally molded, or can be secured together in a
permanent fashion following installation of the functional
components. A port (not illustrated) on the side of the
housing is then appropriately sized to receive a fluid
medication bag 235 therethrough.

The embodiment illustrated in Figures 18-20 provides a
uniquely low profile. infusion pump 216, which may be readily
loaded by the patient without the use of any additional tools,
and which has a thickness of only slightly greater than the
sum of the inflated medication bag and the length of the
collapsed spring.

Figures 21-24 illustrate a key operated platen retractor
in accordance with a further aspect of the present invention.
Referring to Figure 21, there is disclosed an infusion pump
238 having a Kkey operated platen retractor 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 will be appreciated by one of skill in the
art, the threaded element 242 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.



Il lustrated) approximately 3 inches fromthe drug bag. A clamp woul d be
used on the tube between the bag and the luer adapter 50. Fluid nay be
injected in through the |uer adapter 50 so a Y-injection site would not be
needed. Wien the drug has been expended, a new drug bag may be attached to
the IV set, thus reusing the IV set for Y tiple doses over a 24 to 48 hour
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At this poidasinew. drug bag is fully pressurized.

Preferably, the threaded disk 242 is axially movably
positioned within a well 250. Well 250 serves multiple
functions, including permitting the loaded infusion pump 238
to retain the same exterior profile as the diécharged infusion
pump 238, as illustrated in Figures 23 and 21! respectively.
In addition, the lower limit of the well 250 operates as a
stop to prevent further expansion of the spring.
Additionally, threaded disk 242 can serve as a liquid level
indicator.

In use, the user inserts the key 248 into the well 250,
and rotates the key to engage the threads on disk 242.
Continued rotation of the key draws the disk axially against
the bias provided by the spring, until the platen is in the
fully retracted state. When fully retracted, the platen abuts
the lower wall of the recess 250, as illustrated in Figure 22.
At this point, the lower portion of the housing can either be
removed for installation of a fluid medication bag, or the
fluid medication bag can be installed through a lateral cr
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 filled
medication bag, so that the bag may be conveniently slidably
positioned therebetween. .

Once the bag is in position, the user simply reverses the
direction of rotation of the key, and spins the key to remove
it from the threaded disk 242. Once the key is partially
backed off of the threaded disk 242, the medication bag will

be under pressure exerted from the platen 244.



The IV output line is purged of air by opening the clanp 34- and all ow ng
flurd to flow Once the fluid streamejects slightly, the tube can be

recl anped. The output line is then connected to a catheter |ine or needle
for adm nistering an infusion to a patient. Releasing the clanp initiates
fluid flow Wien the | egend on the platen_ 24 cones into focus through the
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flexible construction materials for the side walls of the
housing, while minimizing the risk that plastic deformation of
the side walls under bias from the spring will cause the
threaded side walls to disengage from each other.

In addition, an annular platen guide 253 is provided to
optimize the precision of the axial travel of the platen 244
throughout the dispensation and reloading  cycles. Platen
guide 253 cooperates with an annular spring guide 254. Platen
guide 253 and spring guide 254 in one preferred embodiment
comprise concentric annular flanges which are axially movable
towards and apart from each other in a telescoping fashion.

An alternate means for connecting the spacer 246. to the
platen 244 is also disclosed in Figure 24. Although the
spacer 246 may be integrally molded or otherwise formed with
the platen 244, the spacer 246 may, for manufacturing reasons,
preferably be separately manufactured and later connected to
the platen 244. This may be convenient from a manufacturing
standpoint or because of the desirability to utilize different
construction materials for the platen and the spacer 246.

For example, referring to Figure 24,' the spacer 246
extends 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 radially symmetrically disposed
about the axis of the spacer 246. Recess 249 receives an



containing shell. The fluid containing shell is opened about its hinge or
sliding neans. A fluid delivery bag is inserted. The fluid containing shel

is closed at its latch. The pressurizing shell can then be screwed onto
the fluid containing shell to pressurize the drug delivery bag.
- 20- . In accordance with a further aspect of the present invention;

there is provided an infusion punp having,a platen which is divided into
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Referring to Figures 9-12, there is_disclosed a dual concentric pléten
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portion 164¢orrosive metal such as stainless steel to minimize the
occurrence of stress fatigue following repeated usage of the
infusion pump 238. As illustrated in Figure 24, anchor 247 is
preferably seated within recess 249 in such a manner that a
smooth exterior surface is provided for compressing the fluid
medication bag.

The overall thickness of the infusion pump 238 can be
reduced by incorporating a collapsible platen retractor and
restrainer. For example, referring to Figures 25 and 26,
there is disclosed an infusion pump 256 having a collapsible
platen retractor 258. Collapsible retractor 258 generally
comprises a first segment 260 which is axially movably
disposed with respect to a second segment 262. The first
segment 260 and second segment 262 are assembled in such a
manner that they 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 removed, and a medication bag
inserted therein, while the collapsible platen retractor 258
retains a prestress on the spring.

In the illustrated embodiment, first segment 260 is
conveniently provided in the form of a tubular body 261 having
a léngitudinal axis which extends at a perpendicular to the
plane of platen 268. The tubular body 261 of first segment
260 may be integrally molded with the platen 268, or secured
thereto using conventional techniques sufficient to withstand
the forces generated by the spring for any given embodiment.
The proximal end of the tubular body 261 of first segment 260
is provided in the illustrated embodiment with a radially
inwardly directed flange 263 which operates as a limit on



and a base 166. As with previous enbodi nents, the cover 164 and base 166
are preferably fornmed in accordance with conventional techniques for the
production of nedical device housings, such as injection nolding of
thernopl astic or thernoset polyners. Alternatively, any of a variety of
ot her techni ques may be utlllzed |nc qung fabrication from sheet netal
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164 and b&58 can be cured oget er in a y of a variety of manners .
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267 provided on the housing of infusion pump 256. The recess
267 terminates in a stop such as a radially inwardly directed
annular flange 269 for limiting travel of the disk shaped
first end 265. See Flgure 26.

Similarly, the second end 266 of body 264 is provided
with an enlargement for cooperating with the flange 263 on
tubular body 261 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 cooperate with flange 263 as is illustrated in
Figure 26. 1In this embodiment, second end 266 is generally in
the form of a rounded screw head, having a slot 270 extehding
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 interlocking fit-between first
segment 260 and second segment 262. '

Retraction of the platen 268 against the spring blas in
the embodiment 1llustrated in Figures 25-26 can be
accomplished in any of a variety of 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 end 265 can
be drawn axially 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 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



Dependi ng upon the type of spring retraction structure utilized, the base
166 and cover 164 nmay or may not need to be renovably connect ed. For
exanple, in a side |oading enbodinent, base 166 and cover 164 may be
integrally formed or permanently secured together during the manufacturing
process. I'n this enbodi ment, an opening is provided in the side wall to
permt introduction of a nedication bag bgtween the retracted platen and
base as wi || ibgudicsattedsd. is rehdveaneradom base 1GGrsannémy vewdg. 170 &@d
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Is axially s aced part fron1th ne of second 0 by a
support 190, ﬁg RF? gg% for C%Eeﬁﬁasﬁpﬁt%ﬁggiiéxhﬁé%_ PRP3%es
an annul ar rthgrebetween. 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 linked to platen 277. This is
conveniently accomplished by providing'a radially enlarged
anchor 289 on the end of shaft 280 and positioning shaft 280
through an opening in platen 278 which is too small to permit
passagé of énchor 289, as illustrated.
_ .The proximal end of shaft 280 is adapted to receive a
crank 281 to permit the patient to rotate the threaded shaft
280 to retract platen 277. In the illustrated embodiment, an

opening in the upper portion of the housing is provided with
a complementary female threaded surface for cooperating with
the threads on threaded shaft 280.

In this embodiment, the platen 277 is retracted by
rotating the threaded shaft 280 so that a medication bag 282
can be installed between the platen and the base. Thereafter,
in order to reduce the profile of the pump, the threaded shaft
280 may be rotated in a reverse direction to advance fully or
partially axially back into the medication bag 282 as
illustrated in Figure 29. For this purpose, medication bag
282 preferably comprises a material which will permit the
flexible deformation illustrated in Figure 29, and the volume
of fluid contained in the medication bag 282 should be
sufficiently low in relation to the elastic limit of the bag,



positioned concentrically about the first platen 176. Second platen 180 is
I ndependently axially novable with respect to first platen 176, and
noveabl e froma first position spaced apart fromthe plane of first platen
segnent 176 to a second position substantially in the plane of first platen

segnent 176. Preferably, second platen segnent 180 i's biased in
the direction of nedication bag 174 by a-ggcond spring 182. Al t hough
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is visible through an opening 284 on the side of the housing.
Status indicium 285 are provided on the side of the housing
for allowing the user to roughly gquantitatively 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 the
percentage of remaining medication in the bag. Alternatively,
in a device which is dimensioned to accommodate a 100 cc
delivery bag, the scale could indicate remaining milliliters
of -medication. In an embodiment having a single, known flow
rate and medication volume, the indicium 285 can be provided
in units of time such as hours or minutes, reflecting the
remaining time of the dispensation cycle.

Also illustrated in Figure 30 is an alternative crank

arrangement for retracting the platen 277. Crank 286 is
pivotally attached to threaded shaft 280, so that it can be
conveniently moved from a first compact position 287 such as
during storage or use, to a second ready position 288 in which
the crank is positioned for use in retracting the platen 277.

Referring to Figures 31-33, there is disclosed an
alternate embodiment of an infusion pump having a collapsible,
segmented, platen retraction and retention structure. This
embodiment permits the use of a threaded retractor such as
that illustrated in Figures 27-29, yet permits the threaded
retractor to be reinserted into the pump to provide a
generally smooth exterior configuration, without indenting the
medication bag.

Referring to Figure 31, a first segment 290 preferably
comprises a threaded post which engages complementary threads
in an opening in the top of the pump housing, so that rotation



retracting the platen and limting the distention of the spring in the
absence of a base 166 or fluid bag 174 is also typically used. A variety of
suitable retention structures are disclosed el sewhere herein, or will be

i medi ately apparent to one of skill in the art.in view of the present

di sclosure. In a side |oading-type enbodinment, a spring retraction
structure is particularly desirable. .35, Fluid bag 174 is in fluid
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structures for retractlng and restraining the platen such as
only partially indenting the medication bag, will be apparent
to those of skill in the art in view of the disclosure herein.

Referring to Figure 32, rotation of the threaded shaft
290 draws the platen against the bias provided by the spring,
to produce an opening for receiving a fluid medication bag.
In the illustrated embodiment, two coil springs are
illustrated in cross section. However, anywhere from about
one to about five or more springs can readily be incorporated
into a design of the present invention. ‘

Threaded post 290 can be rotated using any of a variety i
of implements, such as an allen wrench, a"éfank, a rotatable
nut, an electric drill, or others as will be apparent to one
of skill in the art. |

The dimensions of the embodiment illustrated in Figures
31~-33 can be varied throughout a considerable range, depending
upon the desired volume of medication to be infused in a given

dispensation cycle, as well as other considerations that will
be apparent to one of skill in the art. In general, however,
the thickness of the pump along an axis parallel to the
longitudinal axis of the épring is preferably no thicker than i
about 2 inches, and more preferably within a range of from '
about 1.4 inches to about 1.6 inches in an embodiment adapted
for receiving a 0.5-inch thick medication bag. In this
embodiment, the distance between the retracted platen and the
base is preferably about 0.6 inch, to permit sufficient

clearance to easily install a medication bag.



can be readily produced in accordance with the discl osure herein.

Figure 10 illustrates the configuration of the punp with a relatively full
medi cati on bag 174. Second platen 180 conpresses the radially
exterior-nost portion of bag 174 independently of the first platen 176,
whi ch provi des pressure against the central portion of bag 174. It

has been determ ned by the inventors heggin that the provision of this
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travel witheJosPAaClyd O {8 oduction of a medication bag. In this
embodiment, there is provided one or more pneumatic cylinders
296 for advancing the platen againsé the bias provided by one
or more springs 297. Pneumatic cylinder 296 generally
comprises a housing 298 for defining a chamber 299, having at
least one movable wall 300 axially slidably disposed within
the housing 298 to enlarge or contract the volume of chamber
299. Movable wall 300 is mechanically linked to platen 302 by
a spacer 301. Movable wall 300 is provided with any of a
variety of known sealing rings or other means for providing a
seal between the movable wall 300 and housing 298.

At least one port 303 is provided on the housing for
communicating with the chamber 299. 1In operation, a source of
a pressurized material such as a fluid or gas is placed in
communication with port 303 and forced into chamber 299 under
sufficient pressure to advance wall 300 against the force
resulting from one or more springs 297.

In a preferred embodiment, two or more pneumatic
cylinders 296 are provided. Thus, for example, there is
disclosed in Figure 35 a top plan view of an infusion pump
having seven pneumatic cylinders 296 positioned about the
periphery of a medication bag. To facilitate retraction of
the platen by infusing pressurized fluid or gas through only
a single port 303, each of the chambers 299 of the pneumatic
cylinders 296 are in communication with each other by way of
a flow path 304.



first platen 176 is limted by the axial height of the support 190. 1In an
enbodi nent having a bag which is approximately one-half inch thick when .
full, the length of the support 190 is about 0.4 inches. I n accordance.
with a further aspect of the present invention, there is disclosed an
alternate nulti-segment platen enbodi ment at Figures 13-17. Referring to

Figure 13, i nfusi 92 conpr.i ses 0 194 havi an u | |
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recei ve the Lungll aazk1 OARYPYS Ofpy NgohPi ¥4 0Bhe piston area to 1.57
square inches, such as by providing eight pistons instead of
four, the required pressure of the pneumatic fluid drops to
about 95 psi. A variety of pressure sources can be utilized,

as is discussed infra.
Alternatively, referring to Figures 36-38, there is
disclosed a pneumatic retraction embodiment in which one or

more flexible bladders are utilized to provide the 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 having two
elongate tubular bladders 306 in communication with a £ill
port 308 by way of lumen 307. As illustrated in Figures 37
and 38, inflation of the bladders 306- advances the platen
agéinst the spring bias provided by one or more springs 309 to
provide sufficient space between platen 310 and base 311 to
accommodate a full medication bag 312. '

Any of a variety of configurations for bladder 306 may be
utilized in accomplishing the present embodiment of the
invention. In general, the bladder comprises one oOr more
elongate tubular bodies having a diameter which is sufficient
in its inflated state to provide a sufficient distance between
the plateﬁ 310 and base 311 to accommodate the medication bag
312. The axial length of the bladder 306 will depend upon the
size of the medication bag 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 will enable the

use of less compressive force to retract the platen, but will



punp 192. A platen 202 is novably di sposed between upper wall 196 and | ower
wal | 198. Platen 202 conprises a central region 204 and a peripheral region
206. Referring to Figure 16, a nulti-segnent peripheral region 206 is

i1 lustrated. Central region 204 is biased in the direction of |ower
wal | 198 by at |east one central spring 208. Central spring 208 is
preferably maintained in position with the assistance of central spring

de 209, which l | i t7 | | ndi .
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conpl ement argoMtd NchieaReeAReids 681 he?06188a8L 21510 288ring. In the
hospital or clinical setting, pressurized air from a house
compression system, such as is commonly available through a
wall outlet in the patient's room, can be utilized.
Alternatively, compressed CO, cartridges or other convenient
sources of pressurized air or liquid can be readily utilized.

Referring to Figures 39-41, there is disclosed a further
embodiment of the infusion pump in accordance with the present
invention. In this embodiment, retraction of the platen is
accomplished by the use of a threaded key, as has been
previously discussed, and the overall thickness of the
infusion pump is minimized through the use of a folding link
1ift mechanism.

In this embodiment, infusion pump 314 is provided with
one or more springs 320 for biasing a platen 316 in the
direction of base 318, as has been previocusly discussed. 1In
order to limit the distal travel of platen 316, such as when
the base 318 is removed, 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 retentioh
structure 322 generally comprises a folding linkage assembly
324. The linkage assembly 324 permits the relative movement
of proximal end 325 and distal end 326 between a first
position in which proximal end 325 and distal end 326 are
spaced apart by a predetermined maximum distance, and a second
position in which proximal end 325 and distal end 326 are

spaced apart by a lesser distance.



Referring to Figure 16, each of the peripheral segnments 214 on platen 202
Is connected to the central region 204 by way of a hinge 215. Hi nge 215
can be provided in any of a variety of ways, and still acconplish the

obj ectives of the present invention. For exanple, the entire platen 202 can
be formed froma sheet of material having,gufficient flexibility that the
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pin 332 from the slot.

The second linkage 329 is thereafter pivotably connected
to the platen 316, such as by providing a proximally extending
flange on the platen 316 for pivotally engaging the distal end
of the second linkage 329.

Preferably, this embodiment is provided with a threaded
plug at the proximal end 325 of folding linkage 324, adapted
to be received 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 embodiment. One function of the linkage 324 in the
threaded plug embodiment is to resist rotation of the plug
during rotation of the key. 'Thus, if an alternative to
linkage 324 such as a multistrand braided cable is used, some
‘additional registering structure should be provided to resist
rotation of the threaded plug.

In use, the threaded plug is engaged within the key 330,
and withdrawn by rotation of the kéy 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.

After installation of the medication bag, the key is
removed by reverse rotation with respect to the housing, and
the linkage assembly 324 can be collapsed back into the
housing, as illustrated in Figure 41, by pressing upon the
proximal ehd 325. Preferably, releasable retention structures

are provided for retaining the proximal end 325 within or



I nfusi on punp designed for use in an octagonal housing. Spring rates
and | engths may be selected to conplenent the respective surface areas of
the central and peripheral zones to achieve the nost acceptable internal
bag pressure. Referring to Figures 18-20, there is disclosed a

| everage assisted spring retractor for |oading an infusion punp 216 in
accordance wi.th the present invention. Ikg-spring retractor is conveniently
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a surface for sli eéngaging a pin I n engagl n ace o
224 is present 1nventlon, the linkage assembly 324 1s conflgured so

that the maximum length between the proximal end 325 and
distal end 326 is about 1.0 inches. Thus, a coil spring
having a relaxed length of about 7 inches will be permitted to ..
expand no more than about 1.0 inches in axial length by the
end of the dispensation cycle. Preferably, the loaded
infusion pump 314 will have a thickness of no more than about
1.2~1.6 inches, so that the collapsed distance 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 well known to those of skill in
the art. For example, linkages 327 and 329 may be pressed or
stamped from sheet metal stock, such as aluminum or stainless
steel, and thereafter drilled or punched with the appropriate
. slots and pivot holes, or may be molded from any of a variety
of plastic moldable materials having sufficient strength for
‘this intended application. o
In one embodiment of the invention; linkages 327 and 329
are punched out of 0.1 inch thick stainless steel 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 0.4 inches, and pivots
are formed using rivets, screws or the like. '
In an alternate embodimént, the first and second linkaées
~are pivotally connected together without the use of a slip
joint. This construction may extend pivot 331 (Figure 41)
farther in a lateral direction than pivot 332 (Figure 42) when
the platen is in the retracted position and the proximal end
325 of 1linkage 324 is pressed back inside the housing.
Depending upon other design parameters, as will be apparent,



preferably provided with friction enhancing surface structures such as a
plurality of teeth 225. In this manner, the |ever can be rel eased by the
patient at_any point throughout its range of travel, and the teeth 225, pin
230 and curvature of ranp 224 cooperate to retain the partially retracted

| ever in position. Pin 230 is connegfed to a support 228 for
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are not of concern.

The foregoing designs have been determined by the present

inventor to produce a relatively constant output profile

throughout the dispensation cycle of devices incorporating

these designs. However, even with reasonable prestressing of
the spring, output pressure generally declines over the
dispensation cycle as the spring relaxes and the pressure
contact area on the bag changes. Provision of a spring having
a higher spring constant or higher pretension can change the
starting force and ending force throughout a dispensation
cycle, but generally not appreciably flatten the output force
or contact area profile.

In a test where the internal pressure of the bag was

2 while the contents were

maintained at a constant 5 lbs./in
delivered, it was found that the force applied to the bag
needed to be increased from 24 lbs. force at the beginning df
the dispensation cycle to 40 lbs. force near the completion of
the dispensation cycle. See Figure 60.

Thus, in accordance with a further aspect of the present
invention, there is provided an element for introducing a drag
or resistance to distal travel of the platen to produce a
flattening of the output pressure profile. Preferably, the

amount of drag on the distal movement of the platen changes



renoved fromthe upper housing 232, the conbination of the - ranp
224, pin 230, support 228 and platen 226 operate to limt the expansion
of the spring to retain the desired prestressing. Thus, the housing
can be.dlsassenbled with the platen EIt%§ in the extended or retracted
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Of the two, the changlng' bag contact area is a dgreater
negative influence than the dgcllnlng spring force.

Thus, referring to Figure 44, there is disclosed an
infusion pump 334 having one or more springs 336 for biasing
a platen 338 against a medication bag 340. Platen 338 is
provided with at least one drag element 342 for contacting a
friction element 342 throughout at least a portion of its
axial length of travel. Drag element 342 can be provided in
any of a variety of forms, and can extend radially outwardly
within the plane of the platen 338, or be spaced apart axially
from the plane of the platen, such as is illustrated in Figure
44. _

In the illustrated embodiment, drag element 342 comprises
an axially extending support 345, having a generally
transverse element 346 at the proximal end thereof. Element
346 engages at least one friction surface 344, which, in the
illustrated embodimgnt, ramps radially outwardly away from
element 346 as the element 346 travels in the distal
direction. Element 342 preferably comprises a resilient
material such as a rubber or other elastomer, such as
neoprene. '

Element 346 and surface 344 can take any of a variety of
configurations. For example, in the illustrated embodiment,
element 346 cén take the shape of a circular disk, extending
within a generally frusto-conically shaped well, having
annular surface 344 extending around the well. Alternatively,
surface 344 can be provided on only one side or opposing sides
of a bilaterally symmetrical element 342. Retraction of
platen 338 in the proximal direction forces element 342



The enbodinent illustrated in Figures 18-20 provides a uniquely |low profile
I nfusi on punp 216, which may be readily | oaded by the patient w thout the
use of any additional tools, and which has a thickness of only slightly
greater than the sumof the inflated nedication bag and the | ength of the
col I apsed spring. Figures 21-24 illustrate a key operated platen
retractor in accordance with a further aspect of the present invention.
Referring to Figure 21, there is disclosed an infusion punp 238 having a

key operated pl.aten re%ra tQr 24g t her eoff2 Pl at en, ret ac%or §4 .Conprises a
t hr eaded neﬁﬁgﬁn§%2sgﬁ RC 59§4di R, PHRYEHS & 5%§ﬁ%%¥%%yt 1oR %ﬂ el AR py
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the threadeq;elagenl, 242 may conprise either a disk having an externa
thread on the circunferentjal surface thereof, or an aperture bored axially
through spacer 238 arfippbifiry sBRodinentm e HIEF U7 Weedeif ey Pump
threaded kelousing is ramped Befe d @1Highitly 3h th&keyadd8lly Anterded
for threadaal.% e%gagl n%]; e thregded _disk 242 . . Key c”:2481._1__]55 PLQ | ded
with an apeftiPEtEPBen Y hePdthr %h, 2andPREVERE erior
: circumference. This ramped or stepped region extends radially
inwardly in the proximal direction, so that the smallest
cross-sectional area occurs at the beginning of the
dispensation cycle. At that point, the radially exterior edge
of the platen 338 frictionally engages the step or ramp to
provide a resistance to distal travel which dissipates or
disappears at some point along the distal travel of the
platen.

In general, in a stepped friction surface embodiment, the
step will extend throughout no more than about the first one
half or one third of the travel. However, the extent of
friction desired and the rate of taper or location of the
distal edge of the step will vary depending upon the spring
constant and amount of prestress, and the bag contact area,
and can be optimized for any particular embodiment through
routine experimentation by one of skill in the art.

In accordance with one embodiment of the present
invention, a drag element is constructed as shown in Figure
44. A 50 cc medication bag is inserted within the infusion
pump, and the change in spring force exerted against the bag,
as well as the drag due to the resistance element, are
‘measured at each 10-cc increment of fluid dispensation. The
‘following results are obtained:

TABLE 1

fill spring force output pressurc drag nct change output
w/o drag elecment w/ clement W/ drag clement w/ drag clement

50 ml 40 Ibs. +8 psi -13 Ibs. 0 5 psi
40 mi 39 ibs. +7 psi 11 1bs. 0 S psi
K 30 m 38 1bs. +3.9 psi -8.8 lbs. T 5 psi
20 ml 37 1bs. +d.4 psi -6.4 Ibs. Y 5 psi
10 ml 36 1bs +2.4 psi -3.4 Ios. 4 S psi

-0 ml 35 lbs. 0 psi U tbs. v 5 psi



a femal e thread thereon. Threaded di sk 242 operates as a stop by
abutting against a portion of the housing, thereby limting axial expansion
of the spring. In this manner, the spring can be prestressed as desired.
Preferably, the threaded disk 242 is axially novably positioned within a
wel | 250. Vel |l 250 serves multiple fugailons including permtting the
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the key, agdtaPh@s1bistkéNe lEnbESBNE@ symbol 356, such as an E indicating

“empty." The embossed symbol is preferably raised from the
planar surface of the platen.

When the medication has been fully expelled from bag
348, the embossed symbol 356 is pressed by the 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, membrane 354 may comprise
any of a variety of materials such as rubber or silicone.
Membrane 354 is preferably has a thickness within the range of
from about .020 inches to about .030 inches. However, the
thickness of the membrane 354 and material can be varied
considerably, depending upon the native pigmentation' in the
membrane and compressibility under the force due to the
spring. The embossed letters are preferably raised to a
height of about 0.04 inches from the surface of the platen.

Referring to Figures 48 through 51, there 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. 1In
the illustrated embodiment, four coil springs 364 are
provided, each having a generally conical configuration so

that the axial length of the compressed spring is no more than



it fromthe threaded disk 242. (Once the key is partially backed off of the
t hreaded di sk 242, the nedication bag will be under pressure exerted from
the platen 244. Referring to Figure 24, there is disclosed a
| oaded and pressurized fluid nedication delivery punp 238, simlar to that
illustrated in Figures 21-23, and including sone additional details. For
exanpl e, the cross-sectional view of the threads 252 reveals that the
thread has a wi dth which changes from-ayyel atively narrow di mnension at the
poi nt of athechimmeter ehehehspadngocphd ¢breespondihiistopped tintFiguree,
to arelatgyely wide width at the free end of the thread. Simlarly, thé

channel for receiving each thread is provided with side walls which taper
towards each ot hBRejplaten ks i’@nréﬁgﬁﬁﬁﬂgaﬁﬁ/é?sﬁ'ﬁﬂ?t a%oqslf%stﬁ“c%
channel . |s6&hitsy nBfigeror t herehraada-sar 87pr avovisi yv dispoisseid alongr taml

const r uot | SHENEPER BPEYy g, 354 ot 77 8" 5%, YK, B8 Ene BdRGrg g
the risk the2.plktaferalely: mh ileastt onpepsitdcofidPRoSing rlevens {3 dand
spring wiliogaise dhR idueadem Sidece! {5 ot i 864 Wailsod {Ren €2 UK
pair of levers 375 and 377 are also provided. Referring to
Figure 49, lever 374 rides in a slot 370 formed in a housing
362. Slot 370 is inclined from a first end 371 to a second
end 379 in an axial and medial direction. Similarly, lever
375 travels in slot 372, which inclines medially in the axial
direction. In this manner, the user can place a thumb on
lever 375 and a forefinger on lever 374, and compress the two
levers together to advance the platen against the spring bias.
Inclusion of a mirror image pair of levers 376 and 377 for
traveling in corresponding inclined slots (not illustrated) on
the opposite side of the housing 362, the amount of force
required to be exerted by each hand of the user is divided in
half, and provides a more convenient force distribution 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
respective slots in the housing 362. For example, each lever
is integrally molded with or secured to the platen 366, and,
preferably, provided with a bearing such as a roller bearing
(not illustrated) for minimizing friction during reciprocal
travel within the corresponding inclined path of travel.

Alternatively, each opposiné member of a pair of levers
are joined through the center of the device, to provide a
single post extending therethrough. For example, lever 374
and 376 can comprise opposite ends of a single shaft, which
extends through or adjacent to the platen 366. This design
simplifies the construction of the pump in some aspects, such
as by eliminating the torque which would otherwise occur at
bearing and or connecting of the lever to the .platen 366. The

unitary post can either be permanently mounted within the



In addition, an annular platen guide 253 is provided to optim ze the

preci sion of the axial travel of the platen 244 throughout the di spensation
and rel oadi ng cycl es. Pl aten gui de 253 cooperates with an annul ar spring
gui de 254. Pl aten guide 253 and spring guide 254 in one preferred

enbodi nent conprise concentric annul ar flanges which are axially novable
towards and apart fromeach other in a tel escoping fashion. An
alternate neans for connecting the spacer 246 to the platen 244 is al so
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t he spacer Thi6 postsays thits remkeodiment extend along the medication bag
368 side of platen 366, as is illustrated in Figures 50 and
51. Figure 50 illustrates a side elevational view of an
embodiment of the invention in which the posts are retained in
the retracted position, such as for insertion of the
medication bag 368. Figure 51 illustrates a point in the
dispensation cycle of the embodiment of Figure 50, with the
posts remaining in position 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 of the
levers has been advanced to the detent 380, the platen 366
will be releasably retained in the retracted position to
permit insertion of a fluid medication bag 368 between the
platen 366 and the bottom of housing 362. This can be
accomplished 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 houéing 362, or by providing the housing
362 with a hinged bottom wall which can be opened to insert
the fluid medication bag 368. Following installation of the
bag, each lever 374 can be advanced laterally slightly out of
the corresponding detent 380, so that the lever 374 is no
longer retainihg the spring bias. The levers thereafter may
be withdrawn from the device, or folded at a hinge point (not
illustrated) to reduce the peripheral profile of the device.
Preferably, the angle of the path of travel of lever
374, which, in the illustrated embodiment is governed by the
angle of the slot 370 is within the range of from about 10° to
about 20° from the plane of the central region of the platen



-30- anchor 247 on the end of spacer 246. Anchor 247 may be an integrally
formed di sk or sheet on the end of spacer 246. Alternatively, anchor 247 is
secured to spacer 246 in a post- form ng operation, such as by spot

wel di ng, sol vent bonding, thermal bonding, or attachment by screws or other
fast eni ng neans. In a preferred enbodi nent, the threaded di sk 242,
spacer 246 and anchor 247 are all nmanuf acts(#ed from sui t
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261 "having must be sufficient to fully retract the platen 366 so that a
medication bag 368 can be inserted. Thus, as the angle
decreases beyond a certain limit, the length of the path of
travel must be increased 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 and a thickness along the
longitudinal axis of spring 364 of about 0.9 inches. Slot 370
inclines 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 improved spring' biased
intravenous infusion pump having a parallelogram "“scissor'-
type linkage for transferring spring force to the medication
reservoir. Referring to Figure 52, the pump 400 comprises a
housing 401 which may be formed as an integral unit, or from
two or 'more detachably connected components as has been
previously described.

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



a longitudinal axis which extends at a perpendicular to the plane of platen
268. The tubul ar body 261 of first segnment 260 may be integrally nol ded
with the platen 268, or secured thereto using conventional techniques
sufficient to wwthstand the forces generated by the spring for any given
enbodi ment. The proxi mal end of the tubular body 261 of first segnent 260

Is provided in the illustrated enbodlnent mnth aradially inwardly directed
fl ange 263 mhlc o] er t.es a_limt on
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di sk shapedlhterﬂ.oem:d 26AnySeef Figguvar2éty of alternat:.ve interlocking
structures may be utilized for the housing 401 of the
invention, as will be apparent from the previous disclosures
herein. ' '

The cover 402 and base 404 are preferably formed in
accordance with conventional techniques for the production of
medical device housings, such as injection molding of
thermoplastic or thermoset polymeré; Alternatively, any of a
variety of other techniques may be utilized, including
fabrication from sheet metal stock, as will be well understood
by one of skill in the art.

In general, base 404, annular wall 442, annular wall 444
and cover 402 cooperate to form a chamber 446 for containing -
the functional components of the infusion device. In the
illustrated embodiment, a platen segment 410 is biased against
a reservoir such as a flexible medication bag 406 by means of
a spring and linkage assembly 411.

Fluid bag 406 is in fluid communication with the patient'
by way of effluent fluid line 448, which extends through the
housing 401 by way of a port 450. Modification of the port
450 to accommodate the various relationships between the cover
402 and base 404 will be apparent to one of skill in the art.
A flow regulator (not illustrated) to régulate the flow of

'medication is provided on fluid line 448.

. In general, the fluid bag diameters contemplated for use
in accordance with the present invention are in 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 readily produced in accordance with the disclosure herein.

Referring to Fiqures 53 and 54, the platen 410



Simlarly, the second end 266 of body 264 is provided with an enl argenent
for cooperating wth the flange 263 on tubul ar -body 261 to l.imt the
extension of the platen 268. Thus, second end 266 preferably conprises one
or nore barbs having a ranped distal surface, and a proxinmally facing
shoul der to cooperate with flange 263 as,is illustrated in Figure 26. In
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key (no plane of central contact surface 413 is preferably within the
range of from about 10° to about 45°, and more preferably
within the range of from about 10° to about 30°.

]ki general, the transition 417 between the central
contact surface 413 and the radially inwardmost extent of
annular ring portion 415 is positioned so that the circular
central contact surface 413 substaﬁtially completely covers
the planar portion on the upper surface of fluid medication
bag 406. heferring to Figure 53, medication bag 406 comprises
a generally planar upper surface, having an outer limit or
transition 407 where the peripheral region of bag 406
commences deviation from the plane of upper surface 409.

As illustrated in Figure 53, the transition point 407 on
the bag 406 is roughly coincident with the transition point
417 on the platen 4i0. 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 410 as it
compresses the medication bag 406 against the base 404 of the
housing 401.

The platen 410 is biased towards the medication bag 406
through a linkage assembly 411. In general, linkage assembly
411 comprises one or more biasing elements having a
longitudinal axis which extends at an angle with respect to



Illustrated) is renoved from the first end 2665. As illustrated in
Figure 25, the second segnent 262 can thereafter be slidably collapsed

wi thin the tubul ar body 261 of first segnment 260, to-provide a sleek
exterior .profile of the infusion pump 236,,_ Alternatively, any of
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diameter from about .125 inches to about .250 inches, although
variations will be readily apparent to one of skill in the"

art.

In an embodiment in which the spring guide 414 comprises
a unitary or segmented shaft having a continuous thread
extending throughout its 1length, a tubular sleeve may be
conveniently disposed over the portions of the threaded shaft
which will slidably c¢arry other moving parts, as will be
discussed. Alternatively, the spring guide 414 can be
constructed from a generally smooth rod, having a threaded
region only on the distal ends thereof for receiving nuts 416
and 416'.

A spring stop is carried at either end of the spring
guide 414. As will be readily apparent to one of skili in the
art, any of a variety of means can be utilized for retaining
a spring under tension. For example, a nut or nut and washer
threadably engaged to the spring guide 414 is convenient, both
from a manufacturing standpoint, and due to the ability of the
manufacturer to adjust the spring tension by simply rotating
the nut. '

In the illustrated embodiment, a spring stop 419 is
provided on each lateral end of the spring guide 414 for
limiting the lateral expansion of each spring. The spring
stop 419 generally comprises a radially outwardly extending

- annular flange 423, having an aperture 421 extending axially

therethrough for receiving a threaded portion of spring guide



a conpl enentary fenmal e threaded surface for cooperating with the threads on
t hreaded shaft 280. In this enbodi nent, the platen 277 is retracted by
rotating the threaded shaft 280 so that a nedication bag 282 can be
installed between the platen and the basg, Thereafter, in order to reduce
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0 In an alternate embodiment (not illustrated), the spring
stop 419 comprises a radially outwardly extending annular
flange 423 and an axially extending tubular sleeve 418, as in
the foregoing embodiment. However, the spring 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 wall of axially extending tubular
sleeve 418 is unhnecessary. Although the use of a lateral
threaded nut is convenient from a manufacturing stahdpoint, it
adds to the overall lateral length of the spring guide 414,
which may be undesirable in a given embodiment. _

The springs 412 and 412' are compressed between the
spring stops 419 and two axially moveable blocks 420 and 420'.
In one embodiment, the springs 412 and 412' comprise music
wire having a wire diameter of approximately .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. per inch to 130 1lbs.
per inch in a dual spring embodiment. Each spring'412 and
412' 1is approximately 1.7 inches long in its un-compressed
state and approximately 0.9 inches 1long in its fully
compressed state, shown 1in Figure 53, and 1/2 inch in
diameter. The sum of the axial travel of springs 412 and 412!
is approximately.0.7 inch between the compressed state as
shown in Figure 53 at the beginning of the dispensation cycle
and the state shown 1in Figure 54 at the end of the



enbodi nent, the platen 277, or an extension of the platen 277 is visible

t hrough. an opening 284 on the side of the housing. Status indicium 285 are
provi ded on the side of the housing for allowi ng the user to roughly
gquantitatively evaluate the remaining portion of the dispensation cycle.
For exanple, in the illustrated enbodingiyd the scale 283 runs from 100
to zero. diépensaal énnBycleepr esent e percentage of remaining
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a threaded‘gostb¥MIﬁgth g gssﬁg LSHETE%HXu%bre%alnless steel or other
metal known in the medical device arts. Preferably, however,
a strong lightweight plastic material such as Delrin,
available from DuPont is used. Polymeric blocks or coatings
are preferred, due to their ability to slide relatively freely
on the spring guide 414 when biased by the springs 412 and
412°. '

Each of two opposing sides of the blocks 420 and 420!

parallel to the spring guide 414 contains a block pivot 438,
The relative positioning of pivots and corresponding recesses
discussed herein can readily be reversed, as will be 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 connected at its second end to
a platen pivot 434 which is connected to the platen 410. Link
arms 424 and 426 form a scissor-type configuration which is a
mirror image of the confiqurafion of link arms 428 and 430.
Together, the four link arms'424, 426, .428 and 430 form an
adjustable parallelogram linkage, as will be understood by one
of skill in the art. Preferably, an identical parallelogram

" linkage exists on the opposing vertical wall of blocks 420 and
420', as shown in Figure 55.



in an opening in the top of the punp housing, so that rotation

-34- of the threaded post draws the post axially through the opening of the
housi ng. First end 292 and second end 293 of first segment 290 are provided.
wi th an enl argenent such as a di sc-shaped stop, for reasons which have been
previously discussed, for exanple, in connection with the enbodinents

illustrated in Figures 25-29. Simlarly (ﬂgd se nt. 291 prefer
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to about fivebféclrggr%z%prl 5458V, reasqi ‘e/abkiee igggr RR% te%d surfaces can be
provided by either an annular, dome shaped element 440, or by
providing one or more generally parallel planer elements
having a cam shaped outer profile, as will be apparent to'one
of skill in the art. Provision of a cam surface which tracks
the path of the lower inside edge of the blocks 420 and 420°
operates to limit the extent to which the plane of platen 410
is permitted to deviate from its normal position which is
generally 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 5%.

As a further option oh the scissor embodiment of the
present invention, a fluid level indictor 451 is provided.
See Figure 54. Fluid level indicator 451 generally comprises
a linkage 452 which is pivotably connected to a moving portion
of the scissor assembly, and also to the fluid leVéi indicator
451. Level indicator 451 is preferably slidably mounted in a
track 454 adjacent a scale (not illustrated) and calibrated
such that the level indicator 451 and scale will indicate the
remaining fluid volume. '

. After a medication bag 406 has been inserted into the
base 404 and the base 404 engaged with the cover 402, the
springs 412 and 412' are at their point of highest
compression. As the springs 412 and 412' release force in a
direction perpendicular to the axial direction of platen
travel, the blocks 420 and 420' slide towards each other on
spring guide 414, causing the medial ends of link arms 424,
426, 428 and 430 to move further apart in the axial direction.



into a design of the present invention. Thr eaded post 290 can be
rotated using any of a variety of inplenents, such as an allen wench, a
crank, a rotatable nut, an electric drill, or others as will be apparent to
one of skill in the art. The di mensi ons of the enbodinment illustrated
I n Figures 31-33 can be varied throughout a considerabl e range, depending
upon the desired volune of medication to be infused in a given di spensation
cycle, as mell as other considerations_that will be apparent to one of
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Preferably,; A8, i SAUSHE Gyt € W GG Ol i OnFoHUERE dPring decreases so
as to maintain a surprisingly substantially constant
medication output pressure until the bag is substantially
collapsed, as shown in Figure 54. This surprising result
shown in the experiments discussed infra is desirable in
applications such as infusion of chemotherapy chemicals into
a patient over a period of time at a constant rate. The
mechanical advantage obtained by the link arms 424, 426, 428
and 430 compensates for the decrease in spring tension and the
increase in the bag contact area over the dispensation cycle.

EXPERIMENT 1
Constructing the Pump
A platen was cdnstructed in accordance with the
embodiment illustrated in Figures 52-55, having springs 412
and 412' comprised of music wire having a wire diameter of
- approximately .085 inch. Springs 412 and 412' had an outside
diameter of about 0.5 inches, a spring constant of

approximately 111 lbs. per inch, and were approximately 1.7
inches long in the uncompressed state and approximately 0.9
inch long in the fully compressed state, as shown in Figure
54. The sum of the axial travel of springs 412 and 412' was
approximately 0.7 inch between the compressed state as shown
in Figure 53 at the beginning of the dispensation cyclé and
the state shown in Figure 54 at the end of the dispensation
cycle. The springs were preloaded to about 35 1lbs. on each
side, and were measured to generate a total spring force of
about 160 1lbs. Blocks 420 and 420' were constructed from
Delrin, available from DuPont. The length of each of the four
link arms was about 0.8 inches from pivot to pivot. The
'platen and opposing wall were substantially flat to isolate
the pressure effects due to the spring biasing assembly.
EXPERIMENT 2




30, the edge of the platen is visible through the opening 294 or other

w ndow to permt the user to assess the remaining fluid volune in the .

medi cati on bag. Retraction of the platen in order to facilitate .
i ntroduction of a medication bag can alternatively be acconplished through
any of a variety of hydraulic or pneumatic means. For exanple, referring to

Figures 34 and 35, there is pr§V|ged a Rﬁ%% Elc klft for noving the platen
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200°1 & mech AR ? Hanew “EhL g‘r‘%ﬁe?,oé‘q’oﬁ/ngagﬁac%ca"%“z@%vﬁi mﬁPFssoo

is providedeupérxmeptaf a varlety of known sealing rings or other neans for

providing a seal between the novable wakky209 and housing 298. At | east’
one port 303 is provided on the housinghkvr"tonnunlcatlng wi th the chanber
299. | n operation, ¥olume Expelled firomri zed mat er i AUty Bruidf| uid or

gas is placed in coedhcationnBagi fCehrt 303 and f RKEEEURR o(REhhber 299

under sufficient pressure to_advance wall 300 against the force resulting

fromone or nore springs 2979 In a preferred enbodi @t, two or nore
pneumati c cylinders 296 are'éﬁovided. Thus, for exanpl 0there i's
disclosed in Figure 35 a top,plan view of an infusion pu 0haV|ng seven
pneumati c cylinders 296 posifioned about the 5.0
4 5.0
5 5.0
10 5.0
15 5.05
20 5.1
25 5.1
30 5.1
35 5.1
40 4.95
42.5 4.6
45 4.45
46 4.25
47 4.1
- 47.5 9.0
48 3.9
48.5 3.5
49 2.4
50 0

The data obtained from the above experiment is reproduced
in Figure 56, which plots the volume of medication dispelled
in cubic centimeters versus the output pressure in lbs/sq. in.
The percent change in output pressure versus the volume
expelled is illustrated in Figure 57. Figure 57 illustrates
the remarkably steady output pressure of the medication
contained in medication bag 406 during the dispensation cycle
produced by the platen pump 400.



peri phery of a medication bag. To facilitate retraction of the platen by

i nfusing pressurized fluid or gas through only a single port 303, each of

t he- chanbers 299 of the pneumatic cylinders 296 are in conmmunication with
each other by way of a flow path 304. In accordance with one
enbodi nent, four pneumatic cylinders 296 are provided, each having an’

i nternal diameter of about one-half inch.+5-This provides a surface area on.
movabl e wal | 300 of approximately . lggpggus-®m nches per pneunatic

cylinder, for a total of .784 squ 08 igc e u&ggq;hq:set of four. To . .
provide a lift of 150 pounds, ass rom,-a fluid will need to be
i ntroduced into pont BQ3enimempr &xi nkhel y509Gpsimeddyatoudsl | bgot ha0pi svas
area to 1.57_ [ , Su as. by v i ol ei . pi S

four, the reﬁ%’igyg S%r ggiﬁs\%?eaof _itBﬁe %‘Eeﬁaﬁ%ﬂ%dkﬁ%ps ts?)ﬁgbo%{%%ﬂg%ﬁ% A
vari ety of peesduetedoimdisperaiment & @boyedvwagsrepeategudnddthaffellowing

Al ternativel yatsef8Er FA8ot-Qekl gures 36-38, there is disclosed a pneumatic
retracti on enbodi nent in which one or IRES flggible bl adders are utilized
to provide the force AABLE IL .

Volume Expelled from Output Fluid
Medication Bag (cc) Pressure (psi)
0 5.1
5 4.6
10 4.7
20 4.75
30 4.75
40 4.6
50 4.55
60 4.4
70 4.2
e i 80 3.95
S0 3.6
95 3.4
99 2.9
100 , 0

Figure 58 illustrates 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 50 cc to 100 cc remarkably did not dramatically
affect the change in pressure over the dispensation cycle on
the medication 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 fluid communication with an effluent
fluid line 530. The effluent fluid line 530 may lead to an
administration set 540 shown in phantom in Figure 61. An
administration set is also shown in Fiqure 7. The effluent
fluid line 530 may be standard PVC tubing or other material
known to those skilled in the art.



necessary to retract the platen against the spring bias. Thus, referring to
Figure 36, there is disclosed a top plan view of an eribodi nent of the
present invention having two el ongate tubul ar bl adders 306 i n-conmuni cation
with a fill port 308 by way of lunen 307. As illustrated in Figures 37 and
38, inflation of the bl adders 306 advancessghe platen agai nst the spring

bi as provided by OPQeQéra‘B[W smﬂmgﬁeaeaatmoprmémmﬁi slenthspaee first
between pl aten 310 an

t d d 3 3
Ay of o var | BESLOPSCaRP OF T i SHonh ST LY TRPbey R e i Er£8.800, ne
acconpl|sh|ngfnhetpreeeﬁacenbEGBnemmdof5¢¢mn¢nv%#tf@@ﬁ 509 gemehl | have a

bl 'adder conprLggsy tgﬂﬁlgi%gof%fﬂ.wg%%tﬂaulﬁérJeQQhesz@chm asdzanet g o

which is suffrciren ted state to_provide a_su i ent_ dj st ance
bet ween t he pmﬁﬁéﬁagienaﬁ3565§€1$1PQM}Q%xﬁnﬁikﬁﬁEg¥h8 %qg%|1ﬂ?tﬂ£F hes,
The axial |enghl @Enb&ﬁlb.lya%%rna&oﬁ:éhﬂﬁaldwdlmnsnlaeasudZSxB‘ typically
nmedi cati on bag conteppl at ed, her w th_factors, such ag 3 15 XL
accept abl e pulpVfiods eteE, 1%1 qlﬁ?“ﬁﬁk?ﬁu%Fﬁ@c%B?gg & preds Bn% %%?%E
to retract ths. pIahehesLnagdnpreferahkylﬁrgerabomun%.®f1n¢h€aet03®Boukl2.8
enabl e the usgngahoLess ERUPERITYY#1h9668 chRsighiatiiddle Platen, but will

A transition portion 514 surrounds the circular central

portions 512 and 513 of the first surface 508 and second

surface 509. Transition portion 514 comprises the
portion of the surface of the reservoir 510 which
deviates from the plane of first surface 508 or second

.surface 509. Thus, transition 514 3joins the flat

circular central portions 512 and 513 with radially

exterior-most sloping portions 516 when the medication

reservoir 510 is full as shown in Figure 62.

The radially exterior-most opposing sloping portions 516
are . preferably joined at seam 520. By "seam" the present
invention also contemplates the outer péripheral edge of a
"seamless” bag such as may be produced through any of a
variety of molding or other plastic forming techniques known
in the art.

The first surface 508 and second surface 509 are
preferably formed frém two sheets of a suitably bondable,
inelastic material which exhibits suitable stability in the
presence of the intended 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 adequate for the delivery of drugs to a patient although
other materials known to those of skill in the art are
available and may be used.

As shown in Figures 63 and 65, the effluent fluid line

530 may be joined to the medication reservoir 510 through the



-37--require a larger housing as wll be apparent to one of skil | in the

art. ~ Mtive force for filling the bl adder 306 can be provided in any
of a variety of ways, utilizing either a fluid or a gas nedium For
exanple, the fill port 308 can be provided with a |uer connector or other

conventional neans for establishing flujf’¢co i cation with_ a.conyventional
syringe havt'fi§ 8tvai Eﬁglé’ufffrieﬂ”(ﬁﬂ‘%{ ow‘?in% 3Fe°gﬁgrbﬁ’§5@era%0%. J?I”ré‘\{"sfrzishge _
may be fillethertheanseforofodningdéhendiedyagivion heseieeiveSior emd the
characteri spkesugfie! '}elqucf‘dfifﬁea%‘iosméﬁ‘gh as NehSEnd PSR, Cleidivedie
setting, pressurized air froma house conpression system, such as is |
comonl y avhending, t rdhefiveswaor ofrietipn (pRUPLENGHt ellbohe cXxeaddly

utilized. fAé-ﬁﬁéﬁéhtVEEYthQQEDbFS§§t§é@%@i lr;_-]hegegzgt_[,: dges or oéher cohvfeni ent
sources of pressurized air or. liqujd can be readil. ilized. . ef erring
Co Fi gures 30- a1breRerebik. crae mkbiraton rasetaitid ERhm fn FiAvSes,
punp i n acceldefcitasid [ idwetpesdatthimubhd rangd oft fromeaboditndnts inches
retraction | aten | . 0. h S
nas been pr 501 SREPD & Shoids BERETH hELGH: Mafhfp e thaflob b 28 Bt
pump i s m nPpbzbuiches dig il thdnehesf I0f gegexgl.i fhe fiametamsthhe bag n
t hi s enbodi §&n ' ' 3.(:_#;, So P ON L bh REehAhiEw @ in 20
for biasi ngﬁg %Tg%géﬂé?gr?ﬁuﬁee réec??oﬁa%gﬁgzgaé 31%, h bsw %or’

: as has _heen
previ ousl y e¥3BRiGedin| thetareaded; alam: faeyl sempodinedt of Figuke dvea
such as whepaghpabafig 818ihfeteiDvedmudhd gredtiy atian beudt €6uzld ne@isnst

the bias pr‘?g{lfgd rbgqgfrr'tlenga 32}:(t)1impa rhea;[vri%‘?gt | q:rgogn%irget %nt id?.gmeter to be
conveniently grasped by many patients. Other compression
mechanisms; however, can be readily used with 5 inch, 6 inch,
or larger diameter bags. The height, or thickness of the bag
is typically governed by the desired volume and the maximum
desired diameter. )

For many applications of the present invention, the fluid
container 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.

An important aspect of the fluid container 500 is that it
is able to withstand pressures applied to it by the platen
pump disclosed herein. Further, preferably the fluid
container 500 is'relatively inelastic in order to minimize the
change in pressure on the fluid by the platen pump.
Advantageously, the disc like configuration of the present
embodiment of the fluid container 500 results in substantially
even pressure distribution throughout seam 520 when the
medication reservoir 510 and effluent fluid line 530 are in
the dispensation cycle. As discussed above, this uniform
pressure distribution minimizes the buildup of 1localized

. stresses which could lead to a rupture of the container 500.

Another advantage of the fluid container 500 is that a



structure 322 is provided. Referring to Figure 42, the retraction and-

retention structure 322 generally conprises a folding |inkage assenbly 324..

The |i nkage assenbly 324 pernmits the relative novenent of proxinmal end 325 .

and distal end 326 between a first position in which proximal end 325 and

di stal end 326 are spaced apart by a predeterm ned nmaxi num di stance, and a

second position in which rOX|naI end 32F %nd distal end 326 arﬁﬁsgace
S

apart by a IREALik%wihddlled fluid contaipgrs, 208, B3y REnE2FH FREER in
Figure 42, Iéd&mgeasasienbby Bairngepammrdednwl &h stdcked segntagusd¥iomhi ch

I's pivot abI Y. seﬁctﬁred t.o t |s prow dea&{p?%?ér %aa':‘rén’%’erg%ﬂé” 8KE- vgﬁgﬁ,e

di stal end slip jol ectlon

second | i nkagﬁmmd Tte @i$m°§5%| af tbRRmedsi YRIYs sBdhleeFRYsSe abenpiudted
by pravi di e dHiG A Hedd'® dra%te %@%&H‘dfiéi‘i@ﬂéswwéﬁl‘bﬁ;ﬁtﬁﬂ al l'y extending
e

slot, and t of t first and second. | i,nkages in 332 for
ext endi ng t hr ougH[T! I‘Féd@r%’eont%e?hgﬁl“\%ﬂt ﬁ°§ﬁa&ﬁ’@ﬁof" i a%lgc‘hﬁ?r OBE&T ed

washer or pigrd®ild) e\iHdng shaped| rekerveipisn 33g fbem tbastkatted in

accordance with the disclosure of the present invention. For
example, referring to Figures 66-69, a square medication
reservoir 560 having a generally planar square top surface 562
and bottom surface 563 may be used in connection with the
various embodiments of the platen pﬁmp. In a similar fashion
to the circular medication reservoir, ‘the top and bottom
surfaces of the squaré medication reservoir 560 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 572 and attach the
medication bag 560 to the effluent fluid line 570 at a joint
568. ' |

" Referring 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=77) or a joint 583 at one of the corners of the
hexagonal medication reservoir 581 (Figures 78-81) may be
provided. Referring to Figures 82-89, fluid containers having
medication reservoirs with eight sides (586), ten sides (588),
twelve sides (590) or twenty-four sides (592) may be provided.
It is therefore intended that such changes in ' fluid containers
be covered by the follow1ng claims.

Of course, it should be understood that various changes
and modifications to the preferred embodiments described above
will be apparent to those skilled in the art. If the
mechanical advantages of the threads can be done without, the
pressurizing shell and fluid containing shell could be held
together by latches. As already mentioned, other methods of

pressurization may be used in place of the conical helical



The second |inkage 329 is thereafter pivotably connected.to the platen 316,
such as by providing a proximally extending flange on the platen 316 for

pi votal | y engagi ng the distal end of the second |inkage 329.

Preferably, this enbodinent is provided with a threaded plug at the
proxi mal end 325 of folding |inkage 324, gg pted to be received within a
key 330, as n di sgyussed. in. conn i it i enpodiaent .
AIternativeIC?ﬁg?ﬁgF ret?ﬁct?éﬁ#é&?ﬁbtﬁ?%?ggﬁ%L\Q?R%§{%€§$ cgg g*@% bglﬁégd
in the presentoRbdbdiehFertn b dai@dadvigihae feprEheng24ron thhe (presdnt
pl ug enbodi mefiivéstionl €si Fhekal adn@N otherhechhHgedUrddy W aha8 Ofith8ut
key. Thus, dif gg.alte native to Lin§$ge 824 such_ai qinultistr nd

brai ded cabl E#7R2345:09 aHaet iSRS FRdt SFGRF sPFucHH e 1OKSNAOBe and
provi ded to restboutofihinishinghétshattdndaptugdvantades.use, the threaded
plug is engaged within the key 330, and withdrawn by rotation of the key
330 to retract the platen 316 to the | oaded position. Wiile the platen is
bei ng retracted against the spring bias, the first |inkage 327 and second

| i nkage 329 becone extended to their axial limt. After installation
of the medication bag, the key is renoved by reverse rotation with respect
to the housing, and the |inkage assenbly 324 can be coll apsed back into the
housing, as illustrated in Figure 41, by pressing upon the proxinmal end
325. Preferably, releasable retention structures are provided for retaining
the proximal end 325 within or



agai nst the housing, to maintain the outer profile of the punp at a m ni num
during the dispensation cycle. For exanple, any of a variety of recesses "
and snap-fit interrelationshi ps between the proxinal end 325 and t he

housi ng can be incorporated, which take advantage HM‘LM‘[&"WHHM
deformability -of the materials of the housing. In &

enbodi nent of this aspect of the present invention, the |inkage assenbly
324 is configured so that the maxi mum | éffth bet ween t he proxi nmal end 325
and di st al @&éﬁ§@§ﬂ:s about 1.0 inches. Thus, a coil spring having a . .
rel axed | ength ofi.abowtn hﬂf\;ﬁm punp lf@rpempietlﬂdd\gt @ €Xpaddfmommar £1tifian
about 1.0 inches in _axial not by the end of the dispensation cycle.
Preferably,rﬁﬁﬁqu%ﬁﬂkg T é%BI punp 314 will have a thickness of no nore
t han about 1.2-1.6 |rnﬂngu51ng>havmng a trhamkeY fhexein Senkecebéingen
proxinmal end 325 @hd fdirdH it 326 of Ilnkage assenbly 324 is within the
range of from about .3 toq, about 3f Li nk gges 327. and 329 can be
manuf act ured in any of2 af¥&FFeW@l %SCV\RF%ﬂtW‘FI BE Ui hSReT¥OLRése
of skill in the art. Faidexanple, Ilnkages 327 and 329 may be pressed or

Thoreafter drilled or Pufekead PhELnavyRig, BaFaeef A "siEss BP=isfee
or nay be nol dedd‘nsnmrwqd offremvathet \first wall to form sald chamber
therebetween, and a second position relatively closer to

the first wall;
wherein the first and second walls are provided
with non-planar -complementary surface configurations to
minimize the change in the contact area between each of

the first and second walls and the fluid reservoir

throughout the dispensation cycle..

2. An infusion pump as in Claim 1, wherein the housing
is provided with a 1loading port for inserting a fluid
reservoir into the chamber in between the first and second
walls.

3. An infusion pump as in Claim 1, wherein the second
wall comprises a central region and a peripheral region, said
peripheral region movable out of the plane of the central -
region. :

4. ° An infusion pump as in Claim 1, further comprising
at least one spring for biasing the second wall in the
direction of said second position.

5. An infusion pump as in Claim 4, comprising from 1
to 5 springs. - )

6. An infusion pump as in Claim 1, further comprising
a retractor for retrgctingﬂthe second wall from the second
position to the first position.

7. An infusion pump as in Claim 6, wherein said
retractor comprises a lever pivotably secured to the housing.

8. An infusion pump as in Claim 7, wherein said lever
compfises a grip end for gripping by a user of the pump, and

a cam end for engaging a projection secured to the movable



of plastic nol dabte—matertats having sufficient strength for this intended
appl i cation. t of the invention, |inkages 327 and 329
are punched out !!ﬂ!ﬁ ﬂﬂ ﬂ"gﬂ st ai nl ess steel sheet, with a width of

about 0. 25 inches about 0.6 inches. The axial length of 4 he
slot is about 0.4 |nches, and pivots are fornmed using rivets, screws or the

like. In an alternate enbodi nent, the/fHrst and second |inkages are
pi votal |y cowaglt, edot egethad fuingotthet pripsersf of e jever. adVhrses the .

construction }ge%ég@ﬁ%}é@ tﬁéli%i %lg%e@aétarer@rmwh@léa&snl

dlrectlonthgn I'VO en the atenlsmtheretracted
position and the PBroxi #all oP‘-“F‘PnE&gé-’BZCﬁr 3 Bes MPARAR SAICIEINe

housi ng. Dep@ﬁi‘\:ﬂgrUpéE}n;%i'@és desi gpipelioAet@istace Wdd benamutrang, said
i et or sprPREJSSEION, © ana " Fat; ERSALITE NS TEERe 11 e RHRG
conprises a snatabnah:ynboéiiionasetﬂréemttlm ddinitsicgfuidsaTange wf mdjdon.
apparent to one oéoskl g Englg;‘t philf O €T3 Pr @iditn Ofe ,an wiHdiisi PN JU4WP
havi ng the |inkag 327% E
retractor comprz.ses a first component having a thread 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 movable wall from the second
position towards the first position.

11. Aan infusion pump as in Claim 10, whereln the first
wall is threadably removably engaged with the housing to
permit removal thereof for installation of a fluid reservoir
between the first wall and the second wall, wherein threadably
engaging the first wall with the housing with a fluid
reservoir installed compresses the movable wall from the
second position to the first position. | '

12. An infusion pump as in Claim 10, comprising a post
secured with respect to the movable wall; and having a
threaded region thereon, for cooperating with a complementary
thread on a rotatable key to retract the movable wall from the
second position to the first position.

13. An infusion pump as in Claim 10, comprising a

" threaded post extending through the housing and cooperating

with a complementary thread secured with respect to the
housing, so that rotation of the threaded post about its
longitudinal axis advances the post in an axial direction.

14. An infusion pump as in Claim 13, wherein the
threaded post is rotatably secured with respect to the movable
wall.

15. An infusion pump as in Claim 6, wherein said
retractor comprises an axially collapsible linkage for
connecting a retractor component exposed to the outside of the

housing to the movable wall.



43 will be relatively larger than an enbodi nent having a col |l apsi bl e

| i nkage assenbly. In addition, conpressive force such as by the patient

upon the threaded plug 325 in the enbodinent illustrated in Figure 43 will
be additive to the spring force, and potentially cause changes in the.. -
effluent” fluid flow rate. Thus, this enbodi nent, although relatively sinply
to manufacture, nmay be desirably utilized,@enly in circunstances where the
outer profile andigonpagassirofudsseniepumpe ast f @lrder n15, whéiheid orsagiai ng

desi gns have_been. det er.n t, e I Qv.ent Of :

relatively c%’g ?g%?? %ou l[)gt}'{ke%rlg%ingﬁﬁaﬁegég%ﬁﬁgtYa%egd#ls%%%% I O c%cﬁléamo t
devi ces i ncoaybtakty ngovalely dispgaed wibhbinra secAnd thbudasorgdiement.
prestressing of the SPghNGHnAW Uk ugs geReicaldive desl i neseswen g
di spensation cycle as the spring_relaxes and the pressure contact, area _on
the bag char@ésally veklapseble LpRkAGSnGOTRY15Hi Gite e_?ﬁlti %’@’%(E’Hé’

hlgher pr et egon9EcEed Livkge thelftartlng force and erdlng force throughout
a di spensation cygle, but.genera not _ap Y. by t Lt
force or contact %Ea BPoﬂqf sion gu'f‘ﬂ %stjg'ite&viﬁ‘&el—{%?oﬁnﬁ{}:‘elr.na é)p%r ?siﬁ?rte
of the bag wainkgpivatiabiy atormeshest at i$s| broximalvwend cto Isnishmedmactonr e
delivered, i r J<|Al t #¥Kanﬁﬁ? ;

i ncreased f r%cr’n @4 %@g.rg?é)&r_?c%d ;&%ett&x% Egtlg?iﬁ}ansgo?ﬂ?k%?ui spensat | gr}%g’%%elyt o]
40 | bs. forceomrestedeatokbredisitadi &0 seXo¥HmRY ceRd 8fearisgaandso.
Thus, in accpigiencand tthé hikther &ikPe6f @hd hgedbRECNinkIVES! piRrotidiane
I's provided an el enent for introducing S drag gi resggtance to distal
travel of tHeOMPEFERd ¥k BEEReGE FAt FBAI PEYBPLENE3ddtput pressure

profile. Preferabdy, Aheinfusion pump as in Claim 1, further comprising
an indicium of the completion status of the dispensation
cycle.

20. An infusion pump as in Claim 19, wherein said
indicium comprises a scale for evaluating the position of said
movable wall along its axis of travel.

21. An infusion pump as in Claim 19, wherein at least
a portion of the first wall comprises a window, and said
indicium is visible through the window at the completion of
the dispensation cycle.

22. An infusion pump as in Claim 1, wherein said housing
has a generally disk shaped configuration, having a thickness

. in the axial direction of no more than about 2 inches.

LS}

23. An infusion pump as in Claim 22, wherein the
thickness of the infusion pump is no more than about 1.5
inches.

24. An infusion pump as in Claim 1, wherein the length
of axial travel of the movable wall is within the range of
from about 0.5 inches to about 1.2 inches.

25. An infusion pump as in Claim 24, wherein the length
of axial travel of the movable wall is approximately 0.6
inches.

26. An infusion pump as in Claim 1, further comprising
a fluid reservoir, wherein said reservoir comprises a

deformable fluid bag having at least one fluid output orifice

-
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amount  of drag on the distal novenent of the platen changes

-41- continuously over a portion or all of the dispensation cycle, having a
maxi mum val ue at the comencenent of the dispensation cycle @and reaching a
m ni rum val ue at some point between the commencenent and end of the

di spensation cycle. Preferably, the declini-ng drag provided by the drag

el ements compeerent.s the declining spring force throughout the dispensation

cycle in a mannep,t haty prodygeion S anld akhy élaimnede sphinegeiitl Baga
contact area and 17 '

orce t hroughout the dispen fﬁéionffc |l e ff the.tw%:L t-.fée
changi ng bagesenvade fuedher &%ﬁﬁs NS | T ERER {HRR. ¢ {R Tlul
declini ng spbmhfinfieatdon w1£EhUSherﬁéeérVﬂgrtofEncgmmdm;t:trkgerélusd from

di scl osed an_i nfusion pu 334 havi,n rjror e springs 336 for biasing a
pl aten 338 %85 REESXVEd |%ﬁ°5'5’dt%i€%eat§1 r{ne)n 338 is provided with at
| east one drag ekenentarB4irifusicont pompngas fim ctGlerim| @fent whexrediny ofdieout

at 1 east 2 PALLIGR;Y naks a>f i3 ?SQG{“Q Qithiavehe PaAgechemprbnidBotan 1

provi ded in"any of "a vari et or s can extend radially outwardly
within the prate @boﬁlﬁe%ﬂoatcé-h 338, or be spaced apart axially fromthe

plane of the plaben, sieh idFdsidn | pahpat&d iinFicuuim 4428, wherein the
reservoir has a fill volume of approximately 100 cc.

30. An infusion pump as in Claim 26, wherein said
reservoir has a thickness in its narrowest dimension of
approximately 0.5 inches.

31. An infusion pump as in Claim 6, wherein said
retractof comprises at least one pressure activated eXpansible
reservoir.

32. An infusion pump as in Claim 31, wherein said
expansible reservoir comprises a pneumatic cylinder, having an
axial length which is movable from a first retracted position
when the cylinder is substantially empty, to a second extended
position when the cylinder is filled with a filling media.

33. An infusion pump as in Claim 32, comprising from one
to eight pneumatic cylinders. '

34. An infusion pump as in Claim 31, wherein said
pressure actuated expansible reservoir comprises at least one
bladder. :

35. An infusion pump as in Claim 34, wherein inflation
of the bladder from an empty to a full condition compresses
the movable wall from the second position to the first
position.

36. A method of expelling fluid from a collapsible fluid
reservoir at a substantially constant flow rate throughout the
delivery cycle, comprising the steps of:

providing a collapsible fluid reservoir having a
fluid therein, said fluid reservoir of the type having at
least one effluent fluid flow 1}ne for conducting fluid

out of the reservoir:

* [ L M s *



In the illustrated enbodi ment, drag el ement 342 conprises an axially

ext endi ng support 345, having a generally transverse el enent 346 at the
proxi mal end thereof. Elenent 346 engages at |east one friction surface
344, which, in the illustrated enbodi nent, ranps radially outwardly away
fromelenent 346 as the elenent 346 travels in the distal direction.

El ement 342 preferably conprises a resiliggat material such as a rubber or
ot her el astoner, such 2smpeeBEeng. the co B &peith1 S48 wnd resefracd r3bé tauaen

take any of a variety of configurations. For e %EHIG’ hostshe d LI rated-
enbodi nent, el eneh¥O34°MRAFY tﬁé’r%ﬁgﬁg o#oa)%m rcul glr_lﬁé?jsk?ﬁ{éxtb?f\dﬁ%
wi thin a general | yeéensbbrcandcthiryughapbd e€EluentyfhgidnfdPyr ldneraead344

extendi ng around the “@Bhpe %E@&Bgti%EEy,tﬁgrf@ﬁgnéiﬂgcaﬁerig@OVbQédﬂﬂé
only one side or opposing sides of a bilaterally synnegégfal el enent 342.
Retracti on of pl acehlapsibiet Kesprygilyathyoughdusn ths LYHEnfFYSAe so

that the net surface contact area between the collapsible
reservoir and the two compression surfaces remains
substantially constant throughout the delivery cycle.
37. An infusion pump for expelling a fluid from a fluid
reservoir, comprising: _

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

a first wall for contacting the fluid reservoir;

a second wall movable between a first position
"distanced from the first wall to form said chamber
therebetween, and a second position relatively closer to
the first wall:; and

spring biasing means for advancing the second wall
from the first position in the direction of the second
position comprising at least one spring having a
longitudinal axis which extends substantially
perpendicularly to the axis of travel of the second wall,
and at least one lever linkage for translating spring
force into compressive force against the second wall;

wherein the first and second walls are provided
with non-planar complementary surface configurations to
minimize the change.in the contact area between each of
the first and second walls and the fluid reservoir
throughout the dispensation cycle. _
38. An infusion pump for expelling a fluid from a fluid

reservoir, comprising:

a housing having a chamber therein for receiving a
fluid reservoir:; _

a first wall for contacting the fluid reservoir;

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

therebetween, and a second position relatively closer to
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agai nst surface 344, to provide a relatively tight fit, which dissipates as

€l.ement. 342 is drawn axially in the distal direction. In a sinplified
enbodi ment, the interior wall of the punp housing is ranmped or stepped
slightly in the radially inward direction along all or a portion. of

its interior circunference. This ranpegsor stepped region extends radially
inwardly in thehs ddostl whklectanth, so that the smallest cross-sectional .

area occurs at the Q%qwi@ll%ra% 1§ ARaglkspansaid 0% i eandt gaétmd
point, the radially exterior eddge of the gbaten 338 fri tlonalﬁfy 8ages

the step or raMPRASINGYIRIVE r ROIRES clYINGi st Br aPdRTfhi BdLpgt es
or disappears ajerf@l 130 pelr pRindigilr dicsthle seavntl wallheapdathird and In

general, in a d frlc J.on r&@c d h t nd

t hr oughout no %ﬁhaﬁ’pﬁno’u’fgt %"% é?fg?lg %gﬁﬂgo#‘oﬁe% %P}éc’j"'é*t%ﬁéﬁ
travel . Howevegenexadloxtrmnaltel rtetthe gesenddwahd,t pad ate Jc#as'apeneor

| ocation of the W'f&dﬁﬁlﬁ@%étfﬂﬁ&| bn¥ap¥ €RBERHIING R féﬁgéﬂ“ ng

constant and andunt -of prestress, contact area, and can
optinized for #PPasdng quiivat M%ﬁ?“?ﬁﬁﬁuﬁherﬁﬁbﬁﬁe experi mentation by

one of skill in the{drein mob@maiﬁprdﬂn@m\a téh Dhe @ﬁwdfaa&tthof pibst
present |nvent|or1, a dra el enent onstructed as, gwn L n qugure 44, A
50 cc nedi cati &PWHESF ?‘E‘%ﬁt%ﬁcw Pﬁ i t‘ﬁ?qﬁﬁ%s‘?%ﬁp hpStafdd Heeemmdge

in spring for cep:mwtpdmgsl ned tievdagways febh asatche aklaer duechereby
S o e? oo “Hefangiy W MRl GRED {06kal"eh8 BUboRa fddifk son.

di spensati on. ng resu are
TABLE 1 39. An infusion pump as in Claim 6, said housing

comprising first and second components which are removably
secured together to enclose said chamber, wherein said first
and second components are provided with complementary
interlocking surface structures for locking the first and
second components together by advancing the first and second
components towards each other and rotating one with respect to )
the other. '

40. An infusion pump as in Claim 39, wherein said first
component comprises at least oné generally "J" shaped slot

]

having a generally axially extending portion and a generally
cifcumferentially extending portion for receiving a projection
on the second component, wherein said first and second
components are releasably locked by'advancing the projection
axially along the axially extending portion of the slot and
then rotating the second component to advance the projection
circumferentially within the slot.
2. 41. An infusion device, comprising:
a first shell:
a helical spring attached to within said first
shell:
. a second shell having means for engaging said first
shell; and
a fluid delivery bag, housed within second shell,
containing a fluid and in fluid connection with an outlet
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fill spring force output pressure-'drag net change out put .
w o drag elenent w elenent w drag elenent.. w drag elenment 50 m 40,

| bs. +8 psi -13 Ibs. O 5 psi 40 M 39 |bs. +7 psi

-11 Ibs. " 0 5 psi 30 M 38 I|Ds. + 5.9 psi -8.8 tbs. O ;
5psi 20 M 37 | bs. +4. 4 psi -6.4 I_Ei._ 0 5 psi 10 M 36 | bs
+2. 4 psi -3.4,_1phs. . 0O 5 ' . : . i <0

0 5 psi tuge such thatr r‘f%?’cg% a@ngé}%wlét %%aelﬁu%tshgpgggggc?lgp tha

present inventi oangagéng meamsoviHapidnisndioriaad Py t RESSSHS BFOmhsaid -

di spensation cychgy jWhh CEpfaRg Bt xdisaid RIQiROARL & eyt Bagn¥hebughetne
previously disclosed enbodi nents. Referring to Figure 45, there is
di scl osed a fl-ui Qkk8FcEMPEn bag 348, positioned between a platen 349 and

the base 350 of ap.infhei oinpusponPrédeiedl yof aldisestly peheredinof shdde

ol yor opyl cRagaotp8CRRanE, bneRdREI BraBliEs B RPMERCBRES TIPS .,

t he nedi cation bé3.34%heninfhsiphadenicarf £lainddawbez®in gaildhspringbe

di scussed i pgdet@id; d4W idl1ical spring with a small diameter end attached
to said first shell and a large diameter end for pressurizing
said fluid delivery bag.

44. The infusion device of Claim 41, further comprising
a flexible cable secured to said first shell for restraining
said helical spring from fully extending.

45. The infusion device of cClaim 41, wherein said
helical spring exerts a force on said fluid delivéry bag
throughout an infusion that is changed by less than 30% from
an initial force exerted on said fluid delivery bag upon
beginning an infusion.

46. The infusion device of Claim 41, further comprising
a clamp located on the outlet tube for selectively opehing or

~ occluding the outlet tube.

47. The infusion device of Claim 41, further comprising
a platen having a bottom surface for distributing pressure
from said spring across said fluid delivery bag.

48. The infusion device of Claim 47, wherein the bottom
surface of said platen contacts said fluid delivery bag over
no more than a substantially flat central portion of said
fluid delivery bag.

49. The infusion device of Claim 47, wherein said platen
further includes a recessed annular portion about its
periphery suitable for expelling a residue of fluid from the
periphery of said fluid deiivery bag. _

50. The infusion device of Claim 47, further comprising
a legend superposed on the bottom surface of said platen and
a transparent window in said second shell aligned with said

- legend such that said legend is blurred through said window
until all fluid is removed from the bag between said window
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The platen 349, or a cover for the platen, is provided with at |east one
enbossed .synbol 356, such as an E indicating "enpty." The enbossed synbol
is preferably raised fromthe planar surface of the platen. When ithe
medi cati on has been fully expelled frombag 348, the enbossed synbol 356 is
pressed by the platen 349 into the nenbrame 354 and the synbol 356 enbossed
on the pl at @Rdpe@dfePLlAtEH| e t hrough the wi ndow 352 in the base 350 of the

i nfusion punp. Feh .t highd inFdEd.onBEDE 3BCo BT A £ MH e B sadla aewnldet y

of materials Sﬁﬁh as rubber, qr &I|ICOD§ Menbr ane 54(55‘§6efer%g%y

t hi ckness WPPRAH tR8Sr Afye WEFRh aBIGR [ B2FTREERs FY% 9 nd és

However, t hperli'phlem'gssooasttm mﬁ@au&mﬂiaﬁﬂnr&\eﬁn SapHRrty ovieged the

consi der abl e ntation in the nmenbrane and
?SltQSB % %ﬁﬁpgﬂfégﬁ ue to th %

conpr essi bi y un ring. The enbgssed letters
are preferably rézsed Ay nfusipm appasabuso for |¢f&¢?é%1!‘goﬁ$i{“h§l§§m§é9mf

the platen. of a flﬁ@ﬁeffbﬁgatflEiEUa€§14§r§hbﬁégﬂn5£luiaeéénh§cdh§ﬁ|Qi%
ultra low profile_slidin r|n etractor e |nen%B|n accordance wth a

further asp@8toBflefe qﬁ? o sﬁQPPE% sB%ﬁmpglﬁFﬁgrded with
a housing 362, haV|ngaaﬁﬂﬁﬁﬁﬁsﬁﬁiipontalned therein which is blased |n the

chyection of 2 flud IPdLgaban SRy oL ety BGGEbIES bk bR
general |y coni cafiretf sheddt iand davtimg a ehamber f@nghnl@ingheacdnﬁluaded
spring is no norgehiyry bag; and
' means, attached within said first shell, for
pressurizing the fluid delivery bag when the second shell
is engaged with said first shell so as to force fluid
from said fluid'delivery bag through the outlet tube.

53. The infusion apparatus of Claim 52, wherein said
pressurizing means comprises a helical spring.

54. The infusion apparatus of Claim 52, wherein said
pressurizing means comprises a conical helical spring with a
small diameter end rotatably attached to said first shell and
a large diameter end for pressurizing said.fluid.delivery bag.

55. The infusion apparatus of Claim 54, further
comprising an axially rotatable connector attached to said
first shell and wherein the small diameter end of said conical
helical spring is secured to said axially rotatable connector.

56. The infusion apparatus of Claim 54, further
comprising a platen having a bottom surface for distributing
pressure from said conical helical spring across said fluid
delivery bag. _

57. The infusion apparatus of Claim 56, further
comprising a flexible cable secured to said first shell for
holding said platen against the large diameter end of said
conical helical spring.

58. The infusion apparatus of Claim 57, wherein said

. conical helical spring is restrained by said cable so that
said spring does not bear against said fluid delivery bag when

A



-44- the dianeter of the spring coil wire, as illustrated in Figure 50.

The platen 366 is retracted against the bias fromspring 364 by one or nore
| evers 374 novably di sposed. along an inclined path such as slot 370 with
respect to the housing 362. Preferably, at |east one pair of opposing -

| evers 374 and 376 are provided, and, in the illustrated enbodi nent, a
second pai.r of levers 375 and 377 are atg®&-provided. Referring to Figure
49, |ever 3B4id ddysitn shedllotirdz( afldnhehdages Iseusi mepce® Bkl 370 is

inclined froma fgg st .J]q{b\e ﬂ%%ggo,’:} %ﬁg}%ﬁgo‘?’?%&aﬁn DK akﬁ,hmlqutﬁg

di rection. S|n1larl er travel 372, whi ch’ I ncl | nes
medi al | y |nhH§§°§k5§FféFPe€fl%#ﬂd nlaten sontaces, Sape ﬁ%ﬁ%dc%ﬁlbYQEB hag

thunb on | evrler3hd A8feathan &f isudta0tl20V6r £344, cantradnpoLssohhert ¥Riq
| evers togetger tQ dvance t he platen against the spring bias. Inclusion of

a mrror *376 and 377 for traveling in corresponding-
inclined slots (r&mt. i I'Bhstinfnslionnapbarappssidfe %Iajian 0564 herliamsiimQSSﬁa

the amount %;a}g AR SIS & Y ddn SN bl ddif 4t £

divided in. provi nmore convenl ent stri tion mn

the platen MFD@G‘Y s-1111‘-?:113|3'-r‘|3 e ersdiling Bofresiduenahtilonid e%’é‘PFﬂothe
levers 374, periphery of said fluid delivery bag at the end of an

infusion.

61. The infusion apparatus of Claim 56, further
comprising a legend superposed on the bottom surface of said
platen and a transparent window in said second shell aligned
with said legend such that said legend is blurred through said
window until all fluid is removed from the bag between said
window and said platen.

62. The infusion apparatus of Claim 52, wherein said
second shell has an interior bottom with a curved contour
around its periphery so as to provide substanhtially even
support over the bottom of said fluid delivery bag.

63. The infusion apparatus of Claim 52, wherein said
pfessurizing means exerts a force on said fluid delivery bag
throughout an infusion that is changed by less than 30% from:
an initial force exerted on said fluid delivery bag upon
beginning an infusion. -

"64. An infusion apparatus comprising:

a fluid delivery bag connected to an outlet tube,
said fluid delivery bag having a bottom side with a
curved contour about its periphery and a top side with a
substantially flat central portion:

a first shell;

a second shell having means for engaging said first
shell and a chamber having a bottom contour which
approximates the contour of said fluid delivery bag so as
to provide substantially even support across the bottom
side of said bag:;

means, attached within said first shell, for
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375, 876 and 377 are separately novably nounted within their respective
slots i-n the housing 362. For exanple, each lever is integrally nolded with
or secured to the platen 366, and, preferably, provided with a bearing.such’

as aroller bearing (not illustrated) for mnimzing friction during
reciprocal travel within the correspondipg-inclined path of travel.
Al ternatively, &Wiﬁlﬂ RRRBersphi@ a@ilrlv@fryl ENEY S Wiien | @hkedsklbauagh .

the center of t evi ce, provide.a sin t ext.endjing_th t ugh.
For exanpl e, Ie\zsé?e%l741%n8“9?€eeaﬁ”§5’hp??§‘g gbgﬁ§ eelﬁdsé{g)f tfgétﬁ ? ved
shaft, which extnga t bremgbadg atlijwiokndel dveny palaaz ebhBeaghTitihe degr-gnt

sinplifies the qqlg?struction of the punp in sone aspects,- such as by

elimnating the 'ue whi ch woul d ot herwi se occur at bearing and, or
connecting of tH&5] evBhet dnEnsipnaapp@estushetuGled™ pdst “&H‘?F%’r’?héf“lge

per manent | ?bf@gli] %méhﬁé‘ecomprlses a hB2¥shNgspirganovably
in a

posi ti onabl®e hrough | unen, so t t th 8§_ts ca% be r%m)ve.d fr.om

the unit once tHe6 medFRat i HHYSPM 2 SHRAFATYR erein a

perpendicular distance between the top 51de and bottom side of
said fluid delivery bag is substantially smaller than a free
length of said helical spring so that said spring exerts a:
force on said fluid delivery bag throughout an infusion that
is changed by less than 30% from an initial force exerted by
said spring on said fluid delivery bag upon beginning an
infusion.

*r 67. The infusion apparatus of Claim 65, further
comprising rotatable connector means for attaching said
helical spring to said first shell so as to permit free axial
rotation of said spring.

68. The infusion apparatus of Claim 64, wherein said
pressurizing means comprises a conical helical spring with a
small diameter end attached to said first shell and a large
diameter end for pressurizing said fluid delivery bag.

69. The infusion apparatus of Claim 64, further
comprising a platen having a bottom surface for distributing
pressure from said pressurizing means across said fluid
delivery bag. R _

70. The infusion apparatus of Claim 69, further
comprising a flexible cable secured to said first shell for
holding said platen against said pressurizing means.

71. The infusion apparatus of Claim 69, wherein the
bottom surface of said platen contacts said fluid dellvery bag
over no more than the substantially flat central portion of
said fluid delivery bag.

72. The infusion apparatus of Claim 69, further
comprising a legend superposed on the bottom surface of said

- platen and a transparent window in said second shell aligned
with said legend such that said legend is blurred through said

A



In the illustrated enbodi nent, opposing |levers 374 and 376 are opposite
ends of a unitary post, and opposing levers 375 and 377 are simlarly
opposi ng ends of a unitary post. The posts in this enbodi mrent extend al ong -
the nedi cation bag 368 side of platen 366, as is illustrated in Figures 50
and 51. Figure 50 illustrates a side elevatlonal vi ew of an enbodi nent of

t he |nvent|0n I.n whi th ts are retd h e C 03|t|on
such as for¥tASRY¢ Paﬁléf afiﬁ. Oféé'&cﬁafﬁ o r?)a 6590% EFéu%é% %%Q-]“f) 9 r57d
poi nt in theiddepeasdt sendcpdhtent the enbodlnent of Figure 50, with the
posts remaining 49, po‘i‘hfe' Ci%ﬁfh?&?“%gﬁ&fa@hét%& Hhaim 64, Rﬁ%&reriirﬂgséfd

Figure 49, the medi al “nost . ext ent of the path of ravel r | ever 374
i s provi ded"@RRA AO¥eEBERIING, CPBPTAERS, AbP rs%ﬁ@P%ﬁ'the
fully retracted pgsitirpe SUNFWRIGHII |ma{mhmg ofAf Cealmachsmf t:‘hﬁrtl@dﬁrs

has been advanced to eteny 380, .the plate 6 rel.e

retai ned |n°?ﬂerf§?ch?eﬂfﬁﬂgl P3ATEd ?Qw#h? ?4E£§ éﬁp?ﬁgéifﬁﬁﬁe giy
nmedi cati on bpgn3fi§ betmeemudﬁagpthbenu&ﬁétamubehe bot t om of housi ng 362.
This can be acco Iis Of, f¥§§? scl osed el sewhere
herein, such as by in t’cr}t %@é’“ Ppﬁ?\i%f ?%&P #uhrough a si de openi ng
in the housing 362, oﬁ @}qmdnﬂQikKﬁRYub%ﬁn@?h@eQBEdePha& et setkem

wal [ whi ch can b§aQEen§£‘ui@ 'd@ﬁ\}efge Hdg!i haEdig aki OﬂoFagsﬁS- wieh! oy ng
installation of the bag, ,each 74 rFﬁn be advanced laterally slightly

out of the corre§BBﬁHP%§1Hé9¥n?i§§0°e§5 aPorfdOver 374 is no | onger
retaining the spring & #Firstheheders thereafter may be withdrawn fromthe

device, or folded at a hi oi {.not u
peri pheral profile of tﬁ’erlgec ceébrl ‘LF# er aﬁggﬁ%ﬁeséﬁ %%_ hseh%l%h

of travel of |evep as to be axially rotatable:;

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

a platen attached to said helical spring and having
a bottom surface for distributing pressure from said
spring over the substantially flat central portion of
said fluid delivery bag such that when said second shell
is engaged with said first shell said helical spring
forces said platen to pressurize said fluid delivery bag
so as to force fluid from said fluid delivery bag through
the outlet tube.

76. The infusion apparatus of Claim 75, further
comprising axially rotatable means connected to said first
shell and wherein said helical spring is secured to said
axially rotatable means.

77. The infusion apparatus of Claim 76, further

o

comprising a flexible cable 1looped about said axially
rotatable means and said platen for holding said platen
against said helical spring.

78. The infusion apparatus of Claim 76, further
comprising a legend superposed on the bottom surface of said
-platen and a transparent window in said second shell aligned
with said legend such that said legend is blurred through said
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374, which, in the illustrated enbodi nent is governed by the angle of the
slot 370 is within the range of from about 10[err] to about 20[err] from
thre pl ane of the central region of the platen

- 46 - 366. As will be apparent to one of skill in the art, as the axis of
the path of travel of |lever 374 approaches perpendi cul ar to the plane of
the platen (i.e. approaches the longitudipal axis of travel of spring 364),
the | evera%ﬁ&ﬁal BReil na&dV%ﬂ%h'ag ishe-diatan #86h Nehet BAgSHHRLN 8Sa 1a
di m ni shes. 4\ é g pbgdlnent the slot 370 could extend at a -
perpendlculefrn 7 1M ;PAhE BHAERA: platen. However, the patient would be
required to exer7t9a sAngR:h@dntof orcfus ingr depattd emdt rattht fdupbatfrom a

agai nst t hes{py, 'H%f&@@r ngléoﬁgﬁh anbgpgglggﬁ range of angels

bet ween. t he pat trave "I'ever ne of °platen 366 is governed
by several factors. EO‘a%ﬂaFGC@’rpﬁhéﬁ'F Gﬂlwe}ﬁatﬁhe 1t vitdh mesnsbefor

sufficient to fngé/sé@ﬂaﬁﬁgtQefmhaaeae?z%e&t} ha) aceBdheat ten bwé{édca”

be inserted. he” angl e decreases beyond a certain limt
l ength of the péi Htt¥WR@f nust be increased to obtain the sane axia
conponent, thereby reqeposbyingl sader fuikl @elipbeyalbadi nEmes 0B Feddiea

threaded shell such that the closed outlet tube extends
out through an opening in said second threaded shell;
screwing said first threaded shell and said second
threaded shell together to pressurize said fluid,delivery
bag; and
opening the outlet tube to allow fluid to flow.
80. A flexible, generally inelastic medication container
of the type for use with a compression pump for compressing
the container to express a unit volume of medication
therefrom, said container comprising:
first and second opposing flexible walls for
defining a chamber therebetween;
an elongate seam for joining said first and second
opposing walls to enclose the chamber therebetween; said
seam extending generally in a plane through said
container and defining an outer per1phera1 configuration
> of the medication container: and
an effluent fluid flow port on ﬁhe container for
providing fluid communication with said chamber; wherein
said outer peripheral configuration is generally
circular. _
. 81. The medication container of Claim 80, wherein said
walls are constructed of a PVC in U.S. Class 6.
82. The medication container of Claim 80, wherein said
container has a diameter in the range of 3.5" to 5.0".
83. The medication container of Claim 80, wherein said
chamber has a unit volume capacity in the range of 1 cc to 300
cc.

84. The medication container of Claim 80, wherein said
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device. In one preferred enbodi nent, the housing 362 has a | ength of about
5 inches and a thickness along the |ongitudinal axis of spring 364 of about
0.9 inches. Slot 370 inclines at an angle of about 15 fromthe plane of :
the central region of the platen 366, and has a | ength of abouf 2.2 i nches.
I n accordance with a further enbodi ment -gkzthe present invention, there is

provi ded anyaMAOUEYeSRI § el BEP bl dHd A \Rotscd ISR PUTRMAS A% R the |
paral | el ogram "sci ssor"- t&ge | i nkage for Lransfeérln 58%; force to the
medi cati on FESGRV AT . 2RAY e P g 80 FENGhr 3848 TR ?)’cﬁ‘r%r4 ESHPS s@s Wit

housi ng 401 wshiuwe &Y fl@aildarned as an integral unit, or fromtwo or nore

det achabl y connected t S ey} dgscr : .
Referring to Fi g@trse‘s é@’%ﬁ%ﬁi}ﬁ t?’h%mgt?%‘?’gﬁ}é% d%if: %%%Teggénggﬁgﬁl%os&ﬁdng
401 conpri sehazmbesydasiGR height bk cthesrapgenodf 05 el - Ab2when tspdd
base 404 cophainbedn AMMMiNE Wkinitd % ARhet 4 extientlj ng i n the axi al

direction. Conplenentary threads are pr.eferabl rovi ded on the outer
surface of the 86. A fluid elivery bag comprising:

a circular pouch delivery bag having a circular
pouch formed by two circular layers circumferentially sealed
to one another; and

an outlet tube attached to said pouch and in fluid
communication with the inside of said pouch.

87. The fluid delivery bag of Claim 86, wherein said bag
is constructed of a PVC in U.S. Class 6.

88. The fluid delivery bag of Claim 86, wherein said bag
has a diameter in the range of 3.5" to 5.0". _

89. The fluid delivery bag of Claim 86, wherein said
fluid line is PVC tubing. |

90. A fluid delivery bag comprising:
a circular pouch formed by two circular layers
circumferentially sealed to one another;
an outlet tube attached to said pouch and in fluid
communication with the inside of said pouch;
a restricted orifice attached to an outlet end of
said outlet tube to restrict fluid flow to a precise
level; and
a particular filter attached within said outlet
tube between said pouch and said orifice to block flow
from said pouch of particles which exceed a predetermined
size into said orifice.
_ 91. The fluid delivery bag of Claim 90, further
comprising a clamp attached to said outlet tube between said
circular pouch and said particulate filter.

92. The fluid delivery bag of Claim 90, further
comprising a Y-injection site inserted in said outlet tube

between said circular pouch and said clamp.

A




annul ar wall 442 of the base 404 and inner surface of the annular wall 444
of the cover 402, to facilitate threadabl e engagenent of the cover 402
and base 404 as has been discussed. Alternatively, the contacting
surfaces of the cover 402 and base 404 are provided with conpl ementary pins
and J- or L-shaped grooves to permt a press-and-twist fit interlock. Any
of a variety of alternative interlocking_g@guctures may be utilized for the,
housi ng 401 of the invention, as will be apparent fromthe previous '
di scl osures herein. The cover 402 and base 404 are preferably for.nmed
i n accordance wi th conventional techni QESTRACTthe production of nedica
devi ce housings, such as injection nolding of thernoplastic or thernpset
polyners. Alternatively, any of a variety of other techniques may be
utilized, including fabrication fromsheet netal stock, as will be well

under st ood BRATHHE Bkill in the art. In general, base 404, annul ar
wal | 442, annular wall 444 and cover 402 cooperate to form a chanber 446
for containing the functional conponents of the infusion device. In the

illustrated,enbodi nent, a platen seqgment 410_is,biased agai nst.a reservojr
such as o MR ETASTan e Rt SRR, anhln ELPLE SO Rinds ok il Pldo
assenbly 411. : e b 4Q6.,1 S, i id._c Lcati i t :
patient byja\}vzf;' quTd efff %Ig%te ? ?ﬁf’g ?é%%é%%i%vﬁlac%%{& grfltds ?ﬁ?%‘%‘ﬁ?t@p rises
housi ng 407 uBhP(12,P96) AR0indPdlidHMdON19) therBoh! £4P%d@eiving the
accommodat e the various relationships between the cover 402 and base 404
Wl be apmaneid tesereofk stdd). ina heisst. wAlll oysgrgikatgfokiddd on the

illustrated) to regulate the flow of medication is provided on fluid |ine

448. housing for contacting the fluid reservoir, and a second wall (24)
ig movable from a first position distanced from thé first wall to
form the chamber (17) therebetween, and a second position
relatively closer to the first wall (38). Advancing the movable
wall from the first position to the second position expels fluid
from the collapsible reservoir. Preferably, the first and second
walls (24, 38) are pfovided with nbnrplanar complementary surface
configurations for contacting the collapsible reservoir.(18).
Retraction mechanisms for retracting the movable wall from the

second position to the first position, and user readable indicium

of the status of the dispensation cycle are also disclosed.

Figure 2.



In-general, the fluid bag dianeters contenplated for use in-accordance with
the present invention are in the area of fromabout 3.5 inches in dianeter
to about 5 inches in dianeter and fromabout 0.5 inches to about 1.0.inches
t hi ck. However, infusion punps adapted to receive other size bags can be
readily produced in accordance with the disclosure herein. Ref erring
to Figures 53 and 54, the platen 41040 enbodi nent desi gned
for use with a 3.8 inch dianmeter, one inch thick, 100 cc. nedication bag
406 has both a flat, circul, cont act surface 413, having a )
dianeter within the rapg 240 about 2.8 inches, and an
annul ar ring portio he reservoir contacting
side of platen 410 ,,+n~; 3 ar ring portion 415 is
generally within R SFETa gabout 3.6 inches for use
with a 3.8-inch d aneter f( { rsvﬂy-’ Medi cation bag 406 is
approxi mately 3. #ﬁy he angl e of the surface of
annul ar ring port fsi on of the plane of
central contact s t he range of from about 10
to about 45[err],

?FIG.Z




wi t'hin the range of from about 10[err] to about 30. In general, the
transition 417 befween the central contact surface 413 and the radially

i nwar dnost " éxt ent " of annul ar ri ng portion 415 is positioned so that the
circular central contact surface 413 substantially conpletely covers the
pl anar portion on the upper surface of fluid nedication bag 406. Referring
to Figure 53, nedication bag 406 conprises azgfeneral |y pl anar upper
surface, having an outer limt or transition d? where the peri pher al

regi on of bag 406 conmences deviation fromthe plane of upper surface 4009.

As illustrated in Figure 53, the transid8 jnt_407 on the bag 406 is
roughly coincident with thepransitijon poisht 7 & tde pl aten 410.
Referring to Figure 54, the i) edoIIgeH7p Npeém pl ate 408 is
configured with a conple ‘llﬁw“k‘"r&\fllﬁf‘:‘g’ y‘.‘-\: Y+ 10.
Preferably, platen 410 ig';ra---‘—?-!ﬂ!ﬁf 4 '.""5'&?""‘:‘_‘:’:‘@‘»" lar lange-
extending in the axial di ‘; “‘ammm‘ﬁiﬁﬁimw'éaﬁ 410 as it
conpresses the nedication e housing 401.

The platen 410 is bi gxed FlS I ag4406\Yf
assenbly 411. In geners S o motcs
bi asi ng el enents having a

respect to

ougR a | i nkage
Euor nor e
angle with
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t he Iongitudinal axis of travel of platen 410. Preferably, the biasing
el emrent axis extends approximately at about a perpendicular to the axis of

travel of platen 410. As is discussed bel ow, the biasing el enment
preferably conprises one or nore springs having at | east one concentric or
paral l el spring guide such as a central shaft or tubular cover. In

the illustrated enbodi ment, a spring gukdg,414 extends along an axis which
is generally perpendicular to the axial direction of travel of platen 410.
The spring guide 414 conveniently conprises a threaded netal rod having a
| ength within the range of from about Q_about 3.4 inches, and a
di ameter from about .125 ij@fh)es to _atiggt . sjjzal t hough vari ations
will be readily apparent to gs 1 - I n an enbodi ment
in which the spring guide 418 7 8 segnment ed shaft having
a continuous thread ¢%Rengdynhg 0 0ot E\? t ubul ar sl eeve may

S i 3 ' gaded shaft which wll
Al ternatively,
snoot h rod,
receiving nuts

slidably carry ot her novi
the spring guide 41

havi ng a threaded reé?ﬁn
416 and 416'. A spring st
guide 414. As will be readilby.app>
variety of means can be utilized for ™xghe
exanple, a nut or nut and washer threadak § Jed tigg he spring guide 414

i's convenient, both
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froma manufacturing standpoint, and due to the ability of the manufacturer
to adjust the spring tension by sinply rotating the nut. . In the
illustrated enbodi nent, a spring stop 419 is provided on each |ateral end
of the spring guide 414 for limting the |ateral expansion of each spring.
The spring stop 419 generally conprises a radially outwardly extending
annul ar flange 423, having an aperture 421 extending axially therethrough
for receiving a threaded portion of springaguide

- 50 - 414. Spring stop 419 also has a cross-sectional area through a
radi al plane sufficient to linmt expddsion of the spring. Each spring stop
419 is preferably provided with an axX{ally extending tubul ar sl eeve 418 and
418', which in the assenbl ed punp =\\;Eds medi ally al ong the spring guide
414 and within the spring. In the #{ruoStsated enbodi nent, the sleeves 418
and 418' have internal threads co/ 0 the thread on spring guide
414 to securely threadawply retai 19 in place. In an
al ternat e enbodi nent (N0 NP 419 conprises a
radially outwardly extoR Sezmin al |y ext endi ng

t ubul ar sl eeve 418, 0 '

8Aa

FIG.

\‘|54




t he- f oregoi ng enbodi nent. However, .the spring stop 419 is held in place by
a threaded nut secured directly to the spring guide 414 on the |ateral side

of outwardly extending annul ar flange 423. In this enbodi nent, the
internal thread on aperture 421 and interior wall of axially extending
tubul ar sl eeve 418 is unnecessary. AI% h the use of a lateral threaded
nut is convenient froma manufacturing standpoint, it adds to the overall
| ateral length of the spring guide 414, which nay be undesirable in a given
enbodi nment . The springs 412 and 412' are conpressed between the .
spring stops 419 and two axi all cabl e bl ocks 420 and. 5. I'n one

enbodi nent, the springs 412 = cQny a\§~§ic W having a wire

taRet erS such as 0.080 may

al so be used byni ably, springs 412 and
412' have a sp&? S j e < 3 bout 80 | bs. per inch
to 130 | bs. per ingh J ATomMps >'-‘-1;\ ANASN\spring 412 and 412'
is approximately ¥ 7 i / 3
approxi mately 0.9 {l nches}
Figure 53, and N/2, i}
springs 412 and 4 }&/ﬂs

as shown in Figurg R \
state shown in Fig

. state, shown in
Wil axV@G2t r avel of
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di spensation cycle. Bl ocks' 420 and 420' function as nedial spring
abutnments to nechanically link the nedial travel of the spring to the

| i nkage assenbly 411 and pl aten 410. In the illustrated enbodi nent,

bl ocks 420 and 420" are generally rectangular in exterior configuration and
contain an annular or tubular recess 42259p5the | ateral side which does not
go through the entire axial |ength of the bl ock 420 and 420'. The springs

412 and 412" fit into the recess 422 in each block 420 and 420'. The
bl ocks 420 7gd 0} | so cong@z? an axially extendi ng tubul ar opening.
t hrough the qkéi izhe bl ock}To all ow t he Bbelks to slide axially al ong
the spring guide 414. L and 420' may conprise any of a
vari ety of durable e i Lol ess s or ot her
metal known in t 55— er,a strong
| i ght wei ght pl c i : = ' I m DuPont is used.
Pol yneric bl oc or et : hei fYabi lity to slide
relatively fre on -ng quirde 4w d byflhe springs 412
and 412'. NEach . ' ' ockg {420 and 420
parallel to th pri ' I vot 8. The relative
posi tioning of vot @ esponding TECD 5 Ccusy ﬁ herein can
readily be rev ed, 2 5e apparent toy killikn the art.
2\ D__ 3¢
N ( \/
\\\ N s s N . \\\\\ _—x/__\/-\]\l °
- | \
/// 776 774 766
760

772

2 2 N
 B—) —w»—»
o —A__ :@:@ \\/
— f
@ZI__sr > 35
@ ; /]
LN 173N
@:?§ a_ ?E Ny
12}
SN X N7
\ .\) :\ \i\'\\ NIEAY N ~ -\ -“- . "-=\=\‘¥ 5
66 76 i74 154



Two Link arms 424 and 426 are pivotably affixed to each pivot 438 at a
first end thereof. Link arm424 is connected at a second end to an anchor
pi vot 436 which is connected to the cover 402. Link arm 426 is connected at
its second end to a platen pivot 434 which is connected to the platen 410.
Link arms 424 and 426 form a scissor-typé%onfiguration which is a nirror

I mge of th onfiguration link arms 428 an 0. Together, the four
link arms fz%g\éﬁ_lﬁ 428 angyzfy?b\form,a—rfﬁé' ust% e parall e%@f@ | i ge,

e YoM i

as will be undgrsg ood Bysdne of\skid | 7irn sk he refera tical
par al | el ogram | iynk // |1 of blocks 420
and 420', aZ7¢hox@A n Ermpgr @ 55. 3

secured to ay

s @
Zent 438, Bich is pf@#erabla

'// 7
pi vot 434 i % didoed to p n attachfent 44§
pi votably & acheg tophaten 470 -‘ N 3 nt ZgPat en
attachment [440 i seprOwFded with an upper cam sh A at 1 s shaped
and si zed t e path of the | ower inside edgedQiN&? Df Pbgeks 420
and 420'. am shaped surfaces can be i
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provi ded by ei ther an annul ar, done shaped el enent 440, or by providing one
or nore generally parall el planer el enments having a cam shaped outer
profile, as will be apparent to one of skill in the art. Provision of a cam
surface which tracks the path of the | ower inside edge of the bl ocks 420
and 420" operates to limt the extent tg,yhich the plane of platen 410 is
permtted to deviate fromits nornal p05|t|on which is generally parallel
to the plane of the bottom pl ate 408. Preferably, the outer surface of the

cam shaped portio r; anchor 440 is sufficient] close to tﬂﬁg th of
travel of each of ocks 20 and 'C so t t the t] %aaten i's
limted no nore than about® 5% dirjt h t| on the scissor
enbodi nent of the present inyeqtioq, ﬁ v I |nd|c or 451 is _
provided. See Figure 54. FlAi evel \ dIC conprises a
| i nkage 452 which is pi abl nec |ng ti omof the scissor
assenbly, and al€d4g thé&{!| L& ndi cat or 4§l /Feve)iii nyli cator 451 is
preferably slidably{mu na i k 4 jacen scal t 2%7
illustrated) and calfi byated t | ~§ndi sca
will indicate the réngini kg f1 U pih . di gati qn bag 406
has -been inserted int bas 4 the base ghNgaged w t he cover
402, the springs 412N\an re Ifffei r point o \ i ession. As
the springs 412 and 12.C;el e Il n 2y rectilamlipier pendi cullar to the
axi al dlrectlon ? lat s ravel , | thndllifl ocks 420 andiiipl’ < e qowards
each ot her §% F%g cauyllmp the nedi al } rnms 424,
426, 428 and 430 to ve_Eyrth aRa Iin t he axi {y/ect 1 om

N N .

N [ ©

o\ I ) R
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Through this nmechanismthe force exerted by the springs 412 and 412' is
transmtted through the |ink arms 424, 426, 428 and 430 to the platen 410
t hrough the platen attachment 440. The spring force conponent transmtted
by the link arns 424, 426, 428 and 430 to the platen 410 increases
t hr oughout the dlspensatlon cycle as trmb}fgwlon of the spring decreases so
as to mintain a surprisingly substantially constant nedication
out put pressure until the Qggjis substagrially ?ELLaESQH as shown in

_ - Xp

Figure 54. ‘g}'p|§ rpr| eriments dleﬁ 48a
I s desirabl n ap ST ]z’rapy al
= ‘ S he af? cal

into a patient e 7 X
advant age oR{arngd=tHy the l'i nk arms 42422424 4 g ark¥ 430 -‘3;@ ates for
the decreaseff- spring tengjon and the incregs¢ ppghe bag cont' @& ar ea

over the dis ‘-‘.’-’ Pzgrgcycl €. 230 @<PERI MENT §4
uip

Constructi ngx pl at en e o ructed in accordanc

I3 afs

th the

enbodi ment i trai?&l’l n gures 52- ‘- raving spriggs 412 No=
@ | 2
T—225 : S
© @ Qg*
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and 412' conprised of nusic wire having a wire dianeter of approxinmtely

. 085 inch: -Springs 412 and 412' had an outside dianeter of about 0.5
inches, a spring constant of approximately 111 |bs. per inch, and were
approximately 1.7 inches long in the unconpressed state and approxi mately
0.9 inch long in the fully conpressed stag&, @s shown in Figure 54. The sum
of the axial travel of springs 412 and 41 was approximately 0.7 inch

bet ween the conpressed state as shown in Figure 53 at the beginning of the
~dispensation cycle and the state shown in Figure SAsat the end of the .

di spensati on 2¥?Q2; prings wer e5pr el oaded about 35 I bs. on each
side, and wer ureg?io generate a total sp(?ﬁg force of about 160 | bs.
Bl ocks 420 and 420' were constructed from\Delr vail abl e from DuPont .

The I ength of each of the g 2t )
pt vot . The platen g r"( [ { &t ¢ ‘aﬁvsnlate

the pressure effects @ a8t
EXPERI MENT 22 55 _ _ % : A 50
cc nedication beg~fp B th
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punmp of Experinent 1 and the output fluid pressure fromthe nedication bag
406 was neasured as the volune in the nedication bag 406 decreased over the

di spensation cycle. Table | below illustrates the data accunul ated from
this experinment. TABLE | Vol ume Expel | ed
from ' Qut put Fluid Medi cati on Bag (cc)
Pressure (psi) ' 0 11/40 5.0
.5 5.0 1
5.0 2 5.0 3
5.0 4 5.0 5
5.0 10 5.0 15
5. 05 20 5.1 25
5.1 30 5.1 35
51 40 4. 95 42. 5
4.6 45 4. 45 46
4. 25 47 4.1 47.5
9.0 _ 48 3.9 48. 5
35 255\
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49 . 2.4 50

0 The data obtained fromthe above experinent is reproduced in Figure
56, which plots the volunme of nedication dispelled in cubic centineters
versus the output pressure in | bs/sq. in. The percent change in output
pressure versus the volunme expelled is illustrated in Figure 57. Figure 57
Il lustrates the remarkably steady output pr¢gsure of the nedication

contai ned in nedication bag 406 during the dispensation cycle produced by

the platen punp 400. EXPERI MENT 3
100 cc Vol une T%FEAC; periment 3, the 50 cc nedi cation bag 406 was
replaced with afl G ation bag. The experinment _conducted in

Experiment 2 above was repeated and the fgllomﬂng &348s recor ded.
TABLE | | Vol ume Expel | ed {768 <65 543 Lput Fl uid
Medi cati on Bag (cc) Presgure{(psy)
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0 : 51 5

4.6 10 4.7 .20....
4.75 30 4.75 40
4.6 50 4.55 60

4.4 70 13/40 4.2 80
3.95 90 3.6 95
3.4 99 2792.9 100

0 Figure 58! ustrated¥he out pup/pr essure over the di spensation
cycle. Figure 59 il ustrat es the perg it chaBge i n pressige over th%75

di spensati on cycl e. >~ e easT gt | u of nmedicgtion in the

medi cation b d 7 A0 72 K Z Y'f’”ﬂlfjn[@< Iy
affect the nge in pre ver the % nsati O te—Bm4t he rre.catlon
bag 406. eferw 61- 65k? flui is prq)w ded
whi ch may be/ ea@usw Of t4 Pprevi@J'L—ti'i‘srrl-ose%nt)od|' ment s
Of t he p| at p C alner_500 (‘OI"ISI St s bi a
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adm nistration set is also shown in Figure 7. The effluent fluid |ine 530
may be ‘standard PVC tubing or other material known to those skilled in the
art. Preferably, the nedication 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 nedication reservoir H%MV%Q a di aneter of about 3.5

i nches, the generally planar central portions 512 and 513 typically have a ’
di ameter in tgglééggeiQVfrcnnabout 1.5 i néH®€ to about 3.0 inches, and
preferably frdm ut«2/4 inches to about 2{8 i1ghes in the fully filled
configuration. A transition portio 1,1, urzounds the circular central

portions 512 37OV AT St sttt ago ot -secepd———suttace., 509.
Transition pdftio ses the FTT ORA ; P the
reservoir 510 ic@zgangfﬁtiiﬁg fromthg ne of {4 surface 508fpr
second surfflace , D t ARSI t Y 514 jgi:2£:155::IEat 7
circul ar cent 3l p@:?;g;;fiﬁzggd 513 wi{ radialIyQ[:::ngﬁffgénnsf
sl opi ng porti ¢ifs 516 —#edi cat\| o .
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reservoir 510 is full as shown in Figure 62. The radially exterior-nost
opposi ng sl oping portions 516 are preferably joined at seam 520. By
"seam' the present invention alse contenplates the outer peripheral edge of
a "seam ess" bag such as nmay be produced through any of a variety of
nmol di ng or other plastic form ng techniques, known in the art. The first
surface 508 and second surface 509 are prkﬁéﬁQﬂﬂ y formed fromtwo sheets of
a suitably bondable, inelastic material which exhibits suitable stability °
in the presence of the intended nedication. The two sheets nmay be joined at
seam 520 with the use of any of a variety of joining techniques, such as

t hermal bondi ng, sol vent bondi ng, adhesives or by a radio frequency wel d.
Preferably, the negﬁy tion reservoir is c ructed froma PVCin US.

Cass 6 adequate for;the delivery of drugs<t” a patient although other
material s kn hose.-Q i in_fhe a are avail abl e and may be used.
As shown in %iz Bl R R e e ot A CAI LI LT LIATLT L Ve n & Bty B, 20T
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O her nmeans for joining the nmedication reservoir 510 and the effluent fluid
line 530, such as thermal bonding, solvent bondi ng, adhesives or friction
couplings will be readily apparent to those of skill in the art.

Preferably, the nedication reservoir 510 shown in Figures 61-65 has a
diameter within the range of from about 18./40i nches to about 5 inches and a
hei ght within the range of fromabout 0.5 inches to 1.0 inches. In general,
the diameter of the i S T uenced by the type of conpression mechani sm
used. For exanpl e, FJG@ tgaded clarrsBef | enbodi nenBaf Fi gure 1, a bag

having a diameter of much greater than about four_inches uld require a
punp having togZAbi e T A X o R AT P X 2~ WO/

CUITVCTIT CTro T Y TR ad A-a
" patients. Q he

however, can b& readil y\uUS W th

5 inch, 6 inch, The helght

bag is typuﬁﬂﬁy FOTTE ot e TreoareHA=e Led

di aneter. ffuyid
cont ai ner 500 pr Aol S
are preferré@&n i nvention, other sizes of fluid conta ners may
be easily congtr g the disclosure of the present inventi These
varying sized ers are contenplated by this disclosure. An
i nportant “as the fljuid container 500 is that it is able to nd

pressures applief the platen punp disclosed herein.

preferably the I
mnimze the ch
Advant ageousl vy,
the fluid contm

ssure on the fluid by the platen punp.
ke configuration of the present enbodi
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even pressure distribution throughout seam 520 when the nedi cation
reservoir 510 and effluent fluid |ine 530 are in the dispensation cycle.
As di scussed above, this uniform pressure distribution mnimzes the
bui l dup of l|ocalized stresses which could lead to a rupture of the
cont ai ner 500. Anot her advantage of7tfye fluid container 500 is that a
plurality of filled fluid containers 500 nay be easily stored such as in
a refrigerator in a stacked configuration. Further, when the fluid

containers 500 are enpty, the v ' | . Sgllemis very
smal | . because the fluid contain I bl e when enpty.
In addition to a fluid container with outer profile, other
shaped reservoirs nmay be constructed in ce with the disclosure of
t he present invention For exanpl e, ref : Fi gures 66-69, a square
medi cati on r havi ng a gener Hyar square top surface 562
and bottom s d;: y be used in Hect with the various
enbodi nents of e platen punmp. 1In a i\l @r) shion to the circul ar
medi cati on rggg@y0|r the top and bott N
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surfaces of the square nedication reservoir 560 have generally square fl at
central portions, transition portions 564 and radially exterior-nbpst

sl opi ng portions 566. Preferably, a high frequency weld is used to join
seam 572 and attach the nedication bag 560 to the effluent fluid |ine 570
at a joint 568. Referring to Figut®4070-73, a dianond-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 nedicati%E;Z régLE%SBO (Figures 74-77) or a joint 583 at one of
the corners of the Zzgn di cation reservoir 581 (Figures 78-81) may
be provided. Referring to Figures 82-89, fluid containers having nedication

reservoirs with ei e . tweljﬁ? i des (590) or
t-wenty-four sid } ) or € tended that such
changes in flui | . \Qiiggha g ng cl ai ns. O
course, it shoul : Q and nodifications to
the preferred enbodi nents d DX will be apparent to those skilled
in the art. Iféége mechan 3¢s of the threads can be done

w t hout, the pré' i 4 containing shell could be held

ing s
t oget her by Iatchegt*ﬁb\alr

may be used in place of the

, other methods of pressurization
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spring. In addition, further variations of +the fluid container can
be devised wi thout departing fromthe present invention. These and ot her
changes can be nade without departing fromthe spirit and scope of the

i nvention and wi thout dimnishing its attendant advantages.

l 1111121 112121 211212112112111111  WVE CLAIM 1. An i nfusion punp
for expelling a fluid froma fluid reservdPv40conpri sing: a
housi ng havi ng a chanber therein for receiving a fluid reservoir;

wal " to form said chanber therebetmeq9¢2aq94%_second position

relatively closer to \\ , // /
. @

a first wall for co ciing the fluid reservoir; and . a
second wal | nnvablq?t?(;éeuqblﬂirst position di stanced fromthe first
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the first wall; wherein the first and second walls are provided

w th non-planar conplenentary surface configurations to mnimze the
change in the contact area between each of the first and second walls
and the fluid reservoir t hr oughout the di spensation cycle. 2.

An infusion punp as in Caiml, wherein the,housing is provided with a

| oading port for inserting a fluid reservoir into the chanber in between

the first and second walls. 3. An infusion punp as in Caiml,

wherein the second wall conprises a central region and a peripheral region,

sai d peripheral regi novabl e out of the plane of the central region.

4, An i nfusion a Claiml, further conprising at | east one spring

for biasing the second wal in the direction of said second position.

5. An infusion punp as in daimd4_conprising from1l to 5 springs. ’

6. An i nfusion pugp/ag’rﬁ—aréin1l, further conprisi etragﬁﬁg for
S

retracting the secoRIER SRt Re=Seaerd—pas ot o the J sition.
7. An infusion ﬁ\:wmw\mm Conprises a
| ever pivotably sCCArESNeR —-__é&:lspﬁiz//-:s%’rj -t“i"‘."-—'..:--.'-z-,::-:;:: np as I n

Claim?7, wherein s
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wall, so that lifting the grip end of the | ever advances the projection
along the camto retract the novable wall. 9. An infusion punp as in
Claim 8, wherein said camfurther conprises a friction surface for
contacting said projection, and for retaining the grip at at |east one

stationary position between the limts of,jts range of notion. - 10. An
Ln Caim®6, wherein said retractor conprises a first

I nfusi on punp i

conmponent hayht t t hereon, a secgnd conpone aving a

conpl enentary thread reon for engﬁg‘rpﬂlg t fe thread ongtéfo% first .

conmponent, wherei at+ve—otationfaf the7first conponerft with respect to

the second dgpofent Teirad abl-e -wat + -fFrem1-he_seCONO_POSNt i on

towar ds the 1{:‘2 posi them=—==-==% i nfus L35 =ity

wherein the fi 1 WaH=#5=54 Enovaf epgared w-kkk=t4ie houking to
p— H - tﬁ@?

—— e ———

permt renoval thes v

first wall _wa.IJ,_mper_e_i_n_L e
voiF—pstalled COMTES Wvabl e

Sitjon. 12. /An infusion

ure th respect #pst heSutdabl e

punp as inﬁaé@ 1948rrpri5i ng a post
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t hreaded region thereon, for cooperating with a conplenentary thread on a
rotatable key to retract the novable wall fromthe second position to the
first position. 13. An infusion punp as in Caim10, conprising a

t hreaded post extending through the hou§i?g and cooperating with a
conplenmentary thread secured with respe 2/#8 the housi ng, so that rotation
of the threaded post about its |ongitudinal axis advances the post in an
axi al direction. 14. An infusion punp as in Caim13, wherein the

t hreaded post is rotatably secured with respect to the novable wall.

15. An infusion punp as in Caim6, wherein said retractor conprises an
axially coll apsi ble |Iinkage for connecting a retractor conponent exposed to
the outside of the housing to the novable wall. 16. An

i nfusion punp as in Caim15, wheréin said axially collapsible Iinkage
conprises a first elongate el epent axially novably disposed within a second
tubul ar el enent. 17. Angmfusion punp as in Caim1l5, wherein said




axially collapsible Iinkage conprises at |east two pivotably connected

I i nks. 18. An infusion punp as in Caim1l7, conprising a first link

pi votably connected at its proximal end to said retractor conponent exposed
to the outside of the housing, and pivotably connected at its distal end to
the proximal end of a second link, and the distal end of the second link is

pi vot ably connected with respect to the npyabdbe wall. 19. An infusion
punp as in Claim1, further conprising an indiciumof the conpletion status
of the di spensation cycle. 20. An infusion punp as in Caim19,

wher-ein said indiciumconprises a scale for evaluating the position of said
novabl e wall along its axis of travel. 21. An infysi omgpunp as in

‘Gaim19, wherein at |east a pogidQn }wayt e firgt waiN l{;:o Wi ses a w ndow,
nd

and said indiciumis visibl thbouq§ ow~at t "etion of the
di spensation cycle. ZZESAn\i §?§§ gtnp as' in a\InT1l, wherein said
housi ng has a general |y di sR¥sh Lglratibn : t hi ckness in
the axial direction of no nor Y DALY,
punp as in Caim22, whereinNJe et 2
than about 1.5 inches. 28N ung as—£mC

| ength of axial travel ofXYhe bl Bl | W} wiliAgithe r
about 0.5 inches to about N2
24, wherein the length of axi
0.6 inches.

Al 23, An infusion
IS no nore
'n1l wherein the
-0f from
, ¥'nf usi on as. in Caim
able wal'l is‘gfproxi mtely
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26. An infusion punp as in Claiml, further conprising a fluid reservoir,
wherein said reservoir conprises a deformable fluid bag having at | east one
fluid output orifice : -63- thereon.

27. An infusion punp as in Caim26, wherein said reservoir further
conprises an effluent fluid line, in fluid conunication with the
reservoir, for conducting fluid fromthe ze5€0voir to a renote | ocation.

28. An infusion punp as in Claim26, wherei-n the reservoir has a fil

volune within the range of fromabout 10 cc to about 200 cc. 29. An
infusion punp as in Caim28, wherein the reservoir has a fill volunme of
approxi mately 100 cc. 30. An infusion punp as in Caim26, wherein
said reservoir has a thickness inits rro t & mensy of Sgpproxi mately
0.5 inches. 31. An infysion pud&éﬁiéﬁf?@E&in1§§§? eﬁéin sai d
retractor conprises at Ieastfﬁne presste\asﬁfma d expangijt e reservoir
32. An infusion punp as in d gi [Fip sa‘% 1 Q .
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expansi bl e reservoir conprises a pneumatic cylinder, having an axial |ength
which is nmovable froma first retracted position when the cylinder is
substantially enpty, to a second extended position when the cylinder is

filled with a filling nedia. 33. An infusion punp as in Caim 32,
conprising fromone to eight pneumatic cglinders. 34. An infusion punp
as in Caim3l, wherein said pressure acrhiPed expansi bl e reservoir

conprises at |east one bl adder. 35. An infusion punp as in Caim 34,
wherein inflation of thef&ladder froman enpty to a full condition _
wakl fromthe second position to the first position.

conpresses the novablg
36. A net hod ofng Ml uid froma collapsible fluid reservoir at a
ongidant

substantially ci rate throughout the delivery cycle, conprising

the steps of: providing a collapsible fluid reservoir having a

fluid therein, fsabe 0 rggervoir of the type having at | east one

ef fl uent quideIo N grconducting fluid out of the reservoir
\‘ .




conpressing the collapsible fluid reservoir between
surfaces to expel fluid out of the reservoir and through t-he effltuent
fluid flow line; and ~ conpensating for the changing profile of the
col | apsi bl e reservoir throughout the delivery cycle so that the net
surface contact area between the coll apgifhbe reservoir and the two
conpressi on surfaces remains substantially constant throughout the
delivery cycle. 37. An infusion punp for expeltiwg—a—ft+urdT0 f%ﬁid'
reservoir, conpr{ising: a housi ng having a chanber th n for
receiving a fluid reservoir; afirst wall for. @ontacting the
fluid reservoir; a second wall novabl e between a f#®rst positji on
di stanced fromthe first wall to formsaid chanber t her epet ween, ang, a
second position yelatively closer to the first wall; an T~
spring biasi npans for advancing the second wal | fromthe first
position in 1@3 i rection of the second position conprifsing at | epst
one spring havi'ng a | ongi t udi nal axi s whi ch ext epds
substanti al | ° perpendicularly to the axis of travel of{the second
wal |, andZal | east one lever |linkage for translating sring -

o)
efCce
into conpreszVe force against the second wall; wnerein the {irst
and second are provided wi th non-pl anar conpl emeptary surfage

configurations td m nim ze the change in the contact afea betweenjeach

of the firstf and second walls and the fluid reservoir t hr oughout
t he di spensation {cycl e. 3
q
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38. An fnfusion punp for expelling a fluid froma fluid reservoir,

VOLUME (cc)

conpri si ng: a housi ng having a chanber therein for réceiving a
fluid reservoir; a first wall for contacting the fluid reservoir
a second wall novable between a first position di stanced fromthe
first wall to form said chanber t heeebhedween, and a second position
relatively closer to the first wall; and a
paral | el ogram | i nkage having first and second opposi ng pi vot- points
lying in a plane extending general ly perpendicular to the second wall,
and third and fourth opposing pivot points lying in a plane extending
generally parallel to the second wall, and at | east one spring for
bi asing at | east one of the third and fourth opposi ng pivot points
towards the other; wherein novenent of said third and fourth pigpt
poi nts towards eaftOTNer causes said 11rst and Sec I Nt g ¥o
nove away froglsa:h ot her, thereby a t he second wal | towards
t he second poSi»ipn. 39. An infusiopfpunp as in Caimé6, said housijng
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conprising first and second conponents which are renpvably secured together
to enclose said chanber, wherein said first and second conponents are

provi ded with conplenentary interlocking surface structures for |ocking the
first and second conponents together by advancing the first and second
conponents towards each other and rotatjgyy®ne with respect to the other.
40. An infusion punp as in Caim39, wherein said first conponent

conprises at |least one generally "J" shaped slot having a generally axially’
extending portion and a generally circunferentially extending portion for
receiving a projection on the second conponent, wherein said first and

np o
second conponents are rel easably | ocked by advanC|ng the projection axcally
al ong the axial |l y_ext endi hg portion—ef—t+he

e DIUL d.llU [”en rot a e
second conponent |to advance t he projection circunferentiall ygwi thin the
sl ot . 41. An |infusion device, conprising: a firgt shell
a helical spring fattached to within said first shel | ; a gecond
shel | having nmeans for engaging said first shel | ; and a +Jid
del i very bag, houbed within second shel

containing a luid and in

fluid connection Wwth an outl et .

FIG. 58
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tube such that when said first shell is engaged with said engagi ng
nmeans, fluid is foerced by pressure fromsaid hel i cal spring out of
said fluid delivery bag through the outl et tube. 42. The infusion
device of Claim4l, wherein said engagi ng neans threadably engages said
first shell. 43. The infusion device afg @i m 41, wherein said spring
is a conical helical spring with a snmall dianeter end attached to said
first shell and a large dianmeter end for pressurizing said fluid delivery

bag. 44. The infusion device of Caim4l, further conprising a )
f|exi bl e cabl e secured to said first shell for restraining said helical
spring fromfully extendi ng. 45. The i nfusion device of Caim4l,

erein said helical spring exerts a force on said fluid delivery bag

t hroughout an infusion that is changed by | ess than 30% froman initial o
fprce exerted on g$aid fluid delivery ba ' O - O
46. The infusiQn ¢glevice of C aim!4l, g Urther conprising a clanp | ocated|on
the outlet tu pr sel ectively dpe ng or occluding the outlet tube.

47. “The infusﬂ{m levi ce of d aimi4l/ further conprising a platen having
bottom surface fof distributing pr ssure fromsaid spring across said f}

del i very bag.
surface of saéégp
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no nore -than a substantially flat central portion of said fluid delivery-
bag. - 49. The infusion device of Caim47, wherein said platen further
i ncl udes a recessed annul-ar portion about its periphery suitable for
expelling a residue of fluid fromthe peri Fery of said fluid delivery bag.
50. The infusion device of Caim47, fu??ﬁg

conprising a | egend superposed
on the bottom surface of said platen and a transparent wi ndow in said

second shell aligned with said | egend such that said |l egend is blurred

t hrough said wi ndow until all fluid is renoved fromthe bag betwgen said

w ndow and sai d pl aten. 51. The_infusion—deviee v® ai m 41,

wherein said second shelfl has an interior with -a curved contouy around its
peri phery so as to provijde substantially even support over the pottom of
said fluid delivery bag. 52. An infusion apparatus for enapling
administration of a fluild froma fluid delivery bag in fluid copri@ction
with an outlet tube to g pati entg sai dQapparatus conpri sing: a
first shell; Q @& second t\hr eadabl y engageable with said
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first shell and having a chanber for holding said fluid delivery bag;

and R nmeans, attached within said first shell, for

pressurizing the fluid delivery bag when the second shell i s engaged-
with said first shell so as to force fluid fromsaid fluid delivery
bag through the outlet tube. 53. Therqgfusion apparatus of d aim 52,
wherein said pressurizing neans conprises a helical spring. 54. The

i nfusion apparatus of C aim52, wherein said pressurizing nmeans conprises a
coni cal helical spring with a small dianeter end rotatably attached to
said first shell and a large dianeter end for pressurizing said fluid
delivery bag. 55. The |nfu516ﬁ'épparakus of Claimb54, further
conprising an axially rotatable connector/atiached to said first shell and
wherein the small dianeter end of said cﬁnlcal helical spring is secured to
said axially rotatable connectpr__m"-JISGW The infusion apparatus of Caim
54, further conprising a plat haV|ng a’botton1surface for distributing
pressure from said conical helfcal sprlng across said fluid delivery bag.
57. The infusion apparatus of CTa1n156 further conprising a flexible cable
secured to said first shell for holdlng said platen against the |large

di aneter end of said conical helital sprlng 58. The i nfusion
apparatus of O aim57, wherein saiigmtoni cal helical spring is rest
said cable so that sald spring does'not bear against said fluid dql
bag when .

520
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said first shell initially engages said second shell. 59. The infusion
apparatus of Claimb56, wherein the bottomsurface of said platen contacts
said fluid delivery bag over no nore than a substantially flat central
portion of said fluid delivery bag. 60. The infusion apparatus of
Claim56, wherein said platen further ing&yggs a recessed annul ar portion
about its periphery suitable for expelling a residue of fluid fromthe

peri phery of said fluid delivery bag at the end of an infusion. 61.
The infusion apparatus of Caim 56, further conprising a fggend

super posed on the bottom surface of said platen and a transpare ! W ndow in
sai d second shell aligned with sai.d | egend such that said | egengllfi s blurred
t hrough said wi ndow until all fluid is renoved fromthe bag betjden said

wi ndow and sai d pl aten. 62. The infusion apparatus of C af}
wherein said second shell has an interior bottomw th a curved fjdnt our
around its periphery so as to provide substantially even supporf
bottom of said fluid delivery bag: 63. The infusion appar.’
52, wherein said pressurizing neans exerts a force on said flu
bag
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t hr oughout an i nfusion that

I's changed by less than 30% froman initial

force exerted on said fluid delivery bag upon begi nning an infusion.

64. An infusion apparatus conprising:
connected to an outlet tube,

side with a

substantially flat central

second shel

~having .a bottom conta
delivery bag so as

bottom

shell, for

second shel
fromsaid fl@d d

i nfusi on app&vatu

1

560
\\\

J103

a fluid delivery bag
said fluid delivery bag having a bottom

curved contour about |t§3p@é|phery and a top side with a

portion;

havi ng neans for engagi ng said first

ur which
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pressuri zi ng nmeans conprises a helical

sSpring.

66. The i nfusion

apparatus of C aim65, wherein a perpendicul ar di stance between the top
si de and bottom side of said fluid delivery bag is substantially smaller

than a free length of said helica

so that said spri

force on said fluid delivery bag through

| ess than 30% from anginitial
ni ng an i nfusion.
conpri sing rotatabl e connector

delivery bag upon b
of Caim 65, funth_r
said helical sprinfg
of said spring.
pressuri zi ng nmeans
end attached to s4qi
said fluid deliver
further conprising
pressure from said
70. The infusion 4§
secured to said fi
pressuri zi ng nmeang.

nore than the subs
bag. 72. Thelli
| egend super posed

3\21 irst shell so as to permtf ﬁr
. EI nfusi on apparatus of Caif
es~y a coni cal -helical spring. fi
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pl aten and a transparent wi ndow in said second shell aligned with said

| egend such that said legend is blurred through said
- 70 - window until all fluid is renoved fromthe bag between sai d wi ndow

and said pl aten. 73. The infusion apparatus of C aim64, wherein said
means for engagi ng conprises a threaded3sAdd ndrical surface. 74. The
I nfusi on apparatus of Caim64, further conprising a clanp | ocated on the
outl et tube for selectively opening or occluding the outlet tube. 75.
An i nfusion apparatus conprising: a fluid delivery bag connected
to an outlet tube, A id fluid delivery bag havingga toq\J de with a
substantially fla,f®¢ntF§§ porti on; a first ANel

hel i cal spring a/.}\\d nthin said first shell s ﬂb\pe aX|aIIy
r-ot at abl e; /f W seeond shell threadably engag# A with said

first shell andyf ﬁ:)hanber for holding said fg el ivery bag;
and afy éé?ing

Etfached to said helical sprf

1
1
|
]
1
|
J

[em==—m=
1
!
[}
i
N
L.,
~
~
R
4
L)
~

-
)

~
~

~

-«

5862

e

SE0
™~

SE0
)

u"'_lg
-




a bottom surface for distributing pressure fromsaid spring over the

substantially flat central portion of said fluid delivery bag such

t hat when said second shell is engaged with said first shell said

hel i cal spring forces said platen tngaﬁssurize said fluid delivery
|

bag
outl et tube.

wherein said helica

NTIIL

ML

so as to force fluid fromsaid
76. The infusion apparatus of C aim 75,
conprising axially rotatable nmeans connected to said first shel
spring is secured to said axially rotatable nmeans..

JREGUN (S A,

I

il

del i very bag through
further

t he

and

77. The infusion apparatus of Cam 76, further conprising a
flexible cable [|oopgd t said axially rotatable neangiﬁnd sai d
pl aten for hol ding Y pl n agai nst said helical . 78. The
i nf usi on appar at us Zf f Q\ai 6, further conprising a \ Eg%erposed on
t he bottom surface f S\ aten and a transparent i h.said second
shell aligned with d such that said | egendf =rélfiithrough
~said Fom--- - - 71 - o~
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4
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wi ndow until all fluid is renoved fromthe bag between said wi ndow and said

pl at en. 79. A method of infusing a patient with fluid froma fluid
delivery bag, said nmethod conprising: providing a first threaded
shell with nmeans for pressurizing a f)UId delivery bag attached to a
cl osed out |l et tube; depo said fluid delivery bag into
a second t hreaded shell such that the cl osed outl et tube extends

out through an opening in said second threaded shell; screw ng
said first threaded shell and said second t hreaded shell together to
pressurize said fluid delivery bag; and opening the outl et
tube to allow fluid to flow. 80. A flexible, generally inelastic

conpreSS|ng the container to express a ‘unit yolunme of medication therefrom
sai d contai ner conprising: . fiirst 4ané second opposing flexible
wal I's for defining a chanber: theréberweén an el ongate seam
for joining said first and secondhrnuwdopp35|ng wal s to encl ose the
chanmber therebetween; said seanléxtendlng generally in a plane through
said cont ai ner and defining an outex peri pheral configuration of
t he nmedi cati on container; and ' ..~ an effluent fluid flow port on the
cont ai ner for prOV|d|ng fluid coﬁnunlcatlon wi th said chanber; wherein
sai d outer peripheral conflguratlon |s general ly circul ar. 81.
The nedication container of O aim &g wherein said
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wal |l s are.constructed of a PVCin U S. dass 6. 82. The nedication
contai ner of Claim80, wherein said container has a dianeter i'n the range
of 3.5" to 5.0". 83. The nedi cation container of C aim80, wherein
sai d chanber has a unit. volunme capacity %94 he range of 1 cc to 300 cc.
84. The nedi cation container of Clain183, erein said wal | s
have a generally planar surface having a dianmeter in the range of 2.4" to
2.8" when said container contains a unit volume of fluid. - 85. The
medi cati on container of Claim80, wherein said chanber has a height in the
range of 0.5" to 1.0" when said chamber contains a unit volune of fluid.

. 86. Afluid delivery bag conprising: a circular pouch delivery
bag having a circular pouch formed by two circular layers circunferentially
seal ed to one anot her; and - an out ket tube attached to said pouch
and in fluid connunlcatlon W th the |ns|de/ » sai d pouch. 87. The

fluid delivery bag of Cl ai m 86, mmereln sal bag
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is constructed of a PVCin U S. dass 6. 88. The fluid delivery bag of
Cl aim 86, wherein said bag has a dianeter in the range of 3.5" to 5.0".

89. The fluid delivery bag of Caim86, wherein said fluid line is PVC

t ubi ng. 90. A fluid delivery bag cqgpyjsing: a ci.rcul ar
pouch fornmed by two circul ar |ayers C|rcunferent|ally sealed to one
anot her; an outlet tube attached to said pouch and in fluid
comuni cation with the inside of said pouch; arestricted orifice’
attached to an outlet end of said outlet tube to restrict fluid fl ow
to a precise | evel ; and a particular filter attached within
sai d outl et t ube between said pouch and said orifice to block flow
fromsaid pouch of particles which exceed a predeterm ned size into
said orifice. 91. The fluid delivery bag of Caim?90, further
conprising a clanp attached to sai-d-outlet tube between said circular pouch
and said particulate filter. i 92. The fFuld delivery bag of Caim 90,
further conprising a Y-injection S|te'|nseo{ed in said outlet tube between
said circular pouch and said clqyp j,/*x’
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