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(54) Title: CASSETTE FOR AN INFUSION PUMP

(57) Abstract

A cassette (12) which is adapted to be insertable into and
removable from an infusion pump (10). The cassette (12) has a housing,
a length of flexibie tubing (40) supported by the housing, and a vertically
movable member (64) disposed in the housing. The movable member
(64) has a slot formed therein, and a portion of the flexible tubing (40)
is disposed within the slot. The member (64) is movable between a
clamped position in which the flexible tubing (40) is clamped to prevent
any substantial liquid flow therethrough and an unclamped position in
which substantial liquid flow through the flexible tubing (40) is enabled,
and a spring is provided for biasing the member (64) to the clamped
position. The movable member (64) may be designed so that the closure
of a door of the infusion pump (10) in which the cassette is inserted
will cause the member (64) to be in the unclamped position to allow
liquid flow through the flexible tubing (40). The cassette (12) may have
means for maintaining the member (64) in the unclamped position, such
as a retaining pin. The cassette (12) has a second vertically movable
member (44) with a first surface (46) and a second surface (42). The
first surface (46) has a portion which is arcuate in shape and adapted
to substantially conform with a path of rotation defined by the rotary
pump wheel of the infusion pump (10). The second surface (42) of the
second movable member (44) is disposed within the aperture formed in
the upper surface of the housing so that the second member (44) may
be vertically displaced due to physical contact with the second surface
(42) of the member (44).
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CASSETTE FOR AN INFUSION PUMP

ackground nv jon

The present invention is directed to a cassette for an
infusion pump which may be inserted into and removed from the
pump.

An infusion pump is used to automatically administer
liquid medicant to a patient. The liquid medicant is supplied
from a source of medicant and pumped into the patient via a
catheter or other injection device. The manner in which the
liquid is infused is controlled by the infusion pump, which may
have various modes of infusion, such as a continuous mode in
which the liquid medicant is continuously infused at a constant
rate, or a ramp mode in which the rate of infusion gradually
increases, then remains constant, and then gradually decreases.

Some infusion pumps utilize a cassette or module which may
be inserted into and removed from the pump. One such module
is disclosed in U.S. Patent No. 5,257,978 to Haber, et al. The
module 2 disclosed in that patent receives a length of an
intravenous line 4 in its interior, and a length of silicon
tubing 78 is connected to the intravenous line 4 to form a
single continuous conduit. The module 2 is insertable into an
infusion pump, in the form of a peristaltic pump 5, via a door
80 which may be opened and closed. The pump 5 is constructed
so that it will operate only when the door is completely
closed.

Summary of the Invention
The invention is directed to a cassette which is adapted

to be insertable into and removable from an infusion pump. In
one aspect, the invention is directed to a cassette having a
housing, a length of flexible tubing supported by the housing,
and a vertically movable member disposed in the housing. The
vertically movable member has a slot formed therein, and a
portion of the flexible tubing is disposed within the slot.
The vertically movable member is movable between a clamped
position in which the flexible tubing is clamped to prevent any
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substantial liquid flow therethrough and an unclamped position
in which substantial liquid flow through the flexible tubing
is enabled, and a spring is provided for biasing the vertically
movable member to the clamped position.

The housing may have an upper surface with an aperture
formed therein, and the vertically movable member may have an
upper portion which extends through the aperture to an
elevation higher than the upper surface of the housing when the
vertically movable member is disposed in the clamped position,
so that the closure of a door of an infusion pump in which the
cassette is inserted will cause the vertically movable member
to be in the unclamped position to allow liquid flow through
the flexible tubing.

The cassette may have means for maintaining the vertically
movable member in the unclamped position, such as a retaining
pin. The retaining pin may be insertable in a first bore
formed in the vertically movable member and a second bore
formed in the housing. The cassette housing may be provided
as a compact housing having a length, a width, and a height,
wherein the length of the housing is about six times the height
of the housing, and wherein the height of the housing is about
twice the width of the housing.

In another aspect, the invention is directed to a cassette
adapted to be insertable into an infusion pump having a rotary
pump wheel and removable from the infusion pump. The cassette
in accordance with this aspect has a housing with a length, a
width, and a height and an upper surface with an aperture
formed therein. The length of the housing is at least about
five times the height of the housing, and the height of the
housing is at least about twice the width of the housing. A
length of flexible tubing is supported by the housing.

The cassette has a vertically movable member with a first
surface and a second surface. The first surface has a portion
which is arcuate in shape and adapted to substantially conform
with a path of rotation defined by the rotary pump wheel of the
infusion pump. The second surface of the vertically movable
member is disposed within the aperture formed in the upper
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surface of the housing so that the vertically movable member
may be vertically displaced due to physical contact with the
second surface of the vertically movable member.

These and other features and advantages of the present
invention will be apparent to those of ordinary skill in the
art in view of the detailed description of the preferred
embodiment, which is made with reference to the drawings, a
brief description of which is provided below.

Brief Description of the Drawings
Fig. 1 is a perspective view of an ambulatory infusion

pump and a first type of cassette which is insertable into the
pump;

Fig. 2A is a cross-sectional front view of a portion of
the infusion pump of Fig. 1 with the cassette disposed therein;

Fig. 2B is a cross-sectional side view of a portion of the
infusion pump of Fig. 1 with the cassette disposed therein;

Fig. 3A is a cross-sectional front view of a portion of
the infusion pump of Fig. 1 with a second type of cassette
disposed therein;

Fig. 3B is a cross-sectional side view of a portion of the
infusion pump of Fig. 1 with the second type of cassette
disposed therein;

Fig. 4A is a cross-sectional side view of the first type
of cassette in which a flexible tube is clamped;

Fig. 4B is a top view of the cassette of Fig. 4A;

Fig. 5A is a front elevational view of a platen which
forms part of the cassette of Fig. 4A;

Fig. 5B is a side elevational view of the platen of Fig.
5A; and

Fig. 6 is cross-sectional side view of a portion of the
infusion pump.

Detailed Description of Preferred odiment
A preferred embodiment of a battery-powered, ambulatory
infusion pump 10 in accordance with the invention is
illustrated in Fig. 1 along with a first type of cassette 12
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which is insertable into the pump 10. The portable pump 10 may
be carried in a pouch or other device (not shown) attached to
a patient so that the pump 10 may be carried wherever the
patient goes.

The infusion pump 10 has a keypad 14 via which a user may
input data and commands, a selectively backlighted, dot matrix
display 16 for displaying textual messages to the user, a light
sensor 18 for detecting the level of ambient light, and a pair
of light-emitting diodes (LED) 20, a green LED for indicating
the normal operation of the pump 10 and a red LED for
indicating an alarm or abnormal operating condition of the pump
10.

A door 30 is pivotally attached to the upper portion of
the infusion pump 10 via a number of hinges 32. The underside
of the door 30, which is shown in Fig. 1, has a pair of slots
formed therein in which a pair of metal rods 35 are fixed. As
described below, each of the metal rods 35 selectively engages
a pair of slidable latching members to retain the door 30 in
the closed position during operation of the pump 10.

An arcuate metal leaf spring 36 is disposed on the
underside of the door 30. The two ends of the leaf spring 36
are anchored by a pair of retaining elements 38 fixed to the
door 30. When the cassette 12, in which a flexible silicon
tube 40 is disposed, is inserted into the pump 10 and the door
30 is closed, the leaf spring 36 makes contact with and applies
a downward force on the upper surface 42 of a vertically
movable platen 44. As shown in Figs. 1 and 4B, the upper
surface 42 of the platen 44 is disposed within an elongated
slot or aperture 43 disposed in the upper surface of the
cassette housing 12. The platen 44 has a lower curved surface
46 against which the flexible tube 40 is pressed by a number
of rollers 48 disposed on a conventional rotary pump wheel 49
(see Fig. 2A) to facilitate pumping of liquid through the tube
40. The rotary pump wheel 49 is fixed to a gear 50 (Fig. 2B)
which is driven by a drive belt (not shown) connected to a DC
motor via a gear drive assembly (not shown).
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Liquid is supplied to the tube 40 via a supply tube 52
connected to a source of liquid, which may be a liquid supply
container or bag (not shown) fixed to the housing of the pump
10. The liquid is infused into the patient via a catheter or
other injection device (not shown) fluidly connected to a
length of tubing 54 fluidly connected to the tube 40. The
tubing 52, 54 may comprise conventional polyvinylchloride (PVC)
tubing having an outside diameter slightly larger than the
inside diameter of the flexible tube 40 so that the tubing 52,
54 may be inserted into the flexible tube 40 to effect a
liquid-tight seal.

The tubing 52, 54 may be solvent-bonded to the cassette
housing 12, which is plastic, to prevent the tubing 52, 54 from
being inadvertently pulled from the tube 40. As shown in Fig.
4A, the bottom portion of the cassette 12 has two semi-circular
retaining members 56 integrally formed therewith, each of which
abuts a portion of the flexible tube 40 where it overlaps the
tubing 52, 54 to further prevent the tubing 52, 54 from being
inadvertently pulled from the tube 40. A second pair of
similar semi-circular retaining members are integrally formed
with the pump housing at a point directly below the retaining
members 56, as shown in Figs. 2A and 3A, for the same purpose.

The cassette 12 has a flow-stop mechanism 60 that
automatically clamps the flexible tube 40 shut when the
cassette 12 is not disposed in the pump 10 or when the pump
door 30 is open. The flow-stop mechanism 60, which is shown
in detail in Figs. 2A and 2B, has a housing 62 in which a
vertically displaceable flow-stop member 64 and a spring 66 are
disposed. As shown in Fig. 2B, the flexible tube 40 passes
through a slot 68 formed in the flow-stop member 64, and the
spring 66 biases the flow-stop member 64 upwardly.

While the cassette 12 is disposed in the pump 10 with the
door 30 closed, one of the spring retaining members 38 makes
contact with an upper surface 70 of the flow-stop member 64,
thus preventing the spring 66 from forcing the flow-stop member
64 upwards enough to cause the flexible tube 40 to be flattened
by the bottom surface of the slot 68. When the door 30 is
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opened, or when the cassette 12 is not disposed within the pump
10, the spring 66 forces the flow-stop member 64 upwards a
distance sufficient to flatten the flexible tube 40, as shown
in Fig. 4A, so as to prevent any liquid flow therethrough.

When the cassette 12 is in the pump 10, as the pump door
30 is closed, one of the rollers 48 of the rotary pump wheel
49 will make contact with the flexible tube 40, causing it to
be clamped shut, as shown in Figs. 2A and 3A, and. then
subsequently, as the door 30 closes further, the flow stop
member 64 will be forced downwards, unclamping the flexible
tube 40. Thus, the tube 40 will be clamped at all times,
either by one of the rollers 48 or by the flow stop member 64.
Similarly, as the door 30 is opened, the flow stop member 64
will clamp the flexible tube 40 before the roller(s) 48 of the
rotary pump wheel 49 unclamp the tube 40, thus preventing any
liquid free-flow through the tube 40.

When the cassette 12 is not inserted into the pump 10, the
flow-stop mechanism 60 may be disabled by manually aligning a
bore 74 (Fig. 2B) in the flow-stop housing 62 with a bore 76
in the flow-stop member 64 and inserting a pin 78 (see Fig. 1)
into the aligned kores 74, 76. When placed in the bores 74,
76, the pin 78 will prevent the flow-stop member 64 from being
displaced upwardly by the spring 66, and thus prevent the
flexible tube 44 from being flattened and the liquid flow from
being cut off.

Figs. 3A and 3B illustrate a second type of cassette,
which is shown disposed within the infusion pump 10. The only
difference between the two types of cassettes 12 is the size
and shape of the bottom portion of the flow-stop member 64.
The bottom portion of the flow-stop member 64 of the first type
of cassette 12, shown in Figs. 2A and 2B, is generally
spherical and does not extend outside of the flow-stop housing
62. The bottom portion of the flow-stop member 64 of the
second type of cassette 12, shown in Figs. 3A and 3B, has a
downwardly angled finger 82 that extends through a circular
bore 84 disposed in the bottom of the flow-stop housing 62.



10

15

20

25

30

35

WO 96/27402 PCT/US96/03002

-7 -

Referring to Figs. 4A and 4B, the cassette 12 has a length
L of approximately 9.7 centimeters (cm), a height H of
approximately 1.5 cm, and a width W of approximately 0.8 cm.
The outer diameter of the flexible tube 40 (when undistorted)
is approximately 0.4 cm.

The upper surface 42 of the platen 44, which is shown in
Figs. 4A and 4B, has an elongated central aperture 86 formed
therein and is slightly curved to generally conform to the
arcuate shape of the leaf spring 36. As shown in Figs. 5A and
5B, the platen 44 has a bottom portion 90 and a top portion 92,
the bottom portion 90 being wider than the top portion 92. The
top portion 92 of the platen 44 is loosely disposed within the
slot 43 (Fig. 4B) formed in the cassette 12 and is retained in
the slot 43 only by the presence of the flexible tube 40
beneath the bottom of the platen 44, as shown in Fig. 4A.

The infusion pump 10 has a 1latching mechanism 100,
illustrated in Fig. 6, for retaining the door 30 in its closed
position. Referring to Fig. 6, the latching mechanism 100
includes a pair of horizontally slidable metal plates 102a,
102b which are supported by a flat portion of a rotary pump
wheel housing 104 and a pair of support beams 106. Each of the
metal plates 102a, 102b has a respective pair of curved latch
members 108a, 108b integrally formed therewith. A pair of
independently operable door-release buttons 110a, 110b are
disposed on either side of the infusion pump 10. Each door-
release button 110a, 110b has a hollow cylindrical body portion
112a, 112b and a central member 114a, 114b disposed within the
hollow body portion 112a, 112b. Each of the central members
114a, 114b engages a respective end of one of the slidable
plates 102a, 102b. A pair of annular slots 1l1l6a, 116b are
formed in the body portions 112a, 112b, and a pair of ridges
118a, 118b integrally formed with the pump housing are disposed
within the slots 116a, 116b to 1limit the horizontal
displacement of the door-release buttons 110a, 110b.

Each of the slidable plates 102a, 102b has a respective
central aperture 120a, 120b disposed therein, and a spring 122
is disposed within both the of central apertures 120a, 120b so
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as to spring-bias or force each of the slidable plates 102a,
102b against the central member 114a, 114b of the door-release
button 110a, 110b with which the end of the slidable plate
102a, 102b makes contact. The spring 122 may be retained
within the apertures 120a, 120b by an L-shaped retaining member
(not shown).

As shown in Fig. 6, the two curved latches 108a, 108b of
each of the plates 102a, 102b engage both of the rods 35 fixed
to the underside of the pump door 30, due to the force of the
spring 122, thus preventing the door 30 from being opened.
Each plate 102a, 102b alone is sufficient to keep the door 30
closed. To open the door 30, both of the door-release buttons
110a, 110b must be simultaneously depressed, in which case the
slidable plates 102a, 102b are moved, against the force of the
spring 122, to cause the curved latches 108a, 108b to disengage
the metal rods 35, thus allowing the door 30 to be opened. The
door 30 may be provided with a spring or other means (not
shown) to cause the door 30 to open automatically when both of
the door-release buttons 110a, 110b are pressed. Since both
of the door-release buttons 110a, 110b must be actuated to open
the door 30, any inadvertent opening of the door 30 due to the
infusion pump 10 being dropped or Jjarred is reduced or
eliminated.
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WHAT IS CLAIMED IS:

1. A cassette (12) adapted to be insertable into an
infusion pump (10) having a rotary pump wheel (49) and
removable from said infusion pump (10), said cassette (12)
having a housing with a length, a width, and a height, said
cassette (12) characterized by having a length of flexible
tubing (40) supported by said housing, said housing having an
upper surface with an aperture (43) formed therein, further
characterized by a vertically movable member (44) having a
first surface (46) and a second surface (42), said first
surface (46) having a portion which is arcuate in shape and
adapted to substantially conform with a path of rotation
defined by said rotary pump wheel (49) of said infusion pump,
said second surface (42) being disposed within said aperture
(43) formed in said upper surface of said housing so that said
vertically movable member (44) may be vertically displaced due
to physical contact with said second surface (42) of said
vertically movable member (44).

2. A cassette as defined in claim 1 wherein said length
of said housing is at least about five times said height of
said housing and said height of said housing is at least about
twice said width of said housing.

3. A cassette as defined in <claim 1 further
characterized by a second vertically movable member (64)
disposed in said housing, said second vertically movable member
(64) having a slot (68) formed therein, a portion of said
flexible tubing (40) being disposed within said slot (68), said
second vertically movable member (64) being movable between a
clamped position in which said flexible tubing (40) is clamped
to prevent any substantial liquid flow therethrough and an
unclamped position in which substantial liquid flow through
said flexible tubing (40) is enabled.
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4. A cassette as defined in claim 3 wherein said upper
surface of said housing has a second aperture formed therein
and wherein said second vertically movable member (64) has an
upper portion which extends through said second aperture to an
elevation higher than said upper surface of said housing when
said second vertically movable member (64) is disposed in said

clamped position.

5. A cassette as defined in «claim 3 further
characterized by means for maintaining said second vertically
movable member (64) in said unclamped position.

6. A cassette as defined in claim 3 wherein said second
vertically movable member (64) has a first bore formed (76)
therein and where said housing has a second bore (74) formed
therein, said cassette additionally comprising a pin (78) which
is insertable through said first and second bores (74, 76) to
maintain said second vertically movable member (64) in said

unclamped position.
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