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(54) Title: INFUSION DEVICE WITH DISPOSABLE ELEMENTS

(57) Abstract

This invention is an infusion device (10) 
with a disposable administration set (12) hav
ing a plurality of elongated cam followers (42), 
which are displaced in a predetermined se
quence and forced against a delivery tube (36) 
when depressed by a pumping mechanism (64). 
The infusion device (10) includes an optical 
sensor made up of a light emitter (127) and 
a light detector (129). The optical sensor is 
responsive to dimensional changes in the deliv
ery tube (36) for sensing upstream occlusions, 
downstream occlusions and the presence of an 
air bubble within the delivery tube (36).

*Ί

i



WO 98/04301 PCT/US97/12646
•1-

INFUSION DEVICE WITH DISPOSABLE ELEMENTS 

Background of the Invention

General Background

This invention relates generally to a medication infusion device for administering fluid to patients and more

5 particularly to an improved, ambulatory infusion device with a disposable administration set which is inexpensive to 

manufacture, convenient to operate and which ensures fluid delivery at a consistent and uniform rate. More 

specifically, this invention relates to an occlusion detection system for sensing a blockage in either a supply tube 

which provides medication to such an ambulatory infusion device or an outlet tube which provides medication from 

such an infusion device to a patient.

10 Description of the Prior Art

As a result of the ongoing need for improved health care, there is a continuous effort to improve the 

administration of intravenous fluid to patients. As is well known, medication dispensers and infusion devices are used 

for infusion of predetermined amounts of medication into the body of a patient. Various types of medication 

dispensers employing different techniques for a variety of applications are known to exist.

15 In many cases it is of critical importance to provide precisely controlled and consistent flow rates of

intravenous fluid to patients. This need for more controlled IV flow rates is only partially fulfilled by prior art 

displacement pumps. Specifically, particularly when such pumps are intended for ambulatory use by a patient beyond 

the vicinity of a hospital or other health care facility, the occurrence of an occlusion in the pump's medication supply 

tube or output tube may endanger the patient without warning. If, for example, the supply reservoir is empty, or

20 the supply tube becomes kinked, pinched or otherwise blocked, the supply of medication to the patient will cease. 

As the continued supply of some medications is necessary to sustain the patient or remedy the patient's condition, 

cessation of supply may even be life threatening. Yet, with most ambulatory pumps, such an occlusion would go 

unnoticed unless the patient is extraordinarily vigilant.

Similarly, if the needle or catheter which supplies the pump's output to the patient becomes blocked, or

25 the outlet tubing from the pump becomes kinked or blocked, flow of medication to the patient will cease. 

Furthermore, with such blockage, it may be possible for dangerously high pressures to build within the outlet tube. 

As this tube is resilient, it may expand with the increased pressure, storing a significant volume of medication. If 

the rising pressure finally overcomes the blockage, the stored, pressurized medication may be supplied in a surge to 

the patient, overdosing and possibly endangering the patient.

30. As is well known, disposable equipment for medical applications is desirable so as to maintain a germ-free

environment to prevent the transfer of infection especially where cost prohibits cleaning and sterilization after each 

use. Disposable elements, especially in an ambulatory infusion environment, must be low in cost, since clinical 

application of disposable administration sets requires that the administration sets be regularly replaced. Typically, 

such sets are replaced every 24 to 48 hours, and seldom remain in use longer than one week. This frequent

35 replacement interval should ideally be fulfilled by an inexpensively molded, disposable, mechanism which would

normally not last the years of service life expected from the pump itself. To be practical, an occlusion detection
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system must be able to reliably operate with such

disposable administration sets. In the prior art,

occlusion sensors have typically mechanically sensed the 

tubing of the administration set. Thus, such systems 

required a highly precise, repeatable positioning of the 

occlusion sensor against each new administration set. This 

requirement subjected prior art sensors to frequent 

failure and maintenance problems. ■

Furthermore, it is desirable to have a disposable 

administration set which is easy to load and unload to 

minimize operator errors. These factors can be very 

important in a clinical situation when a few extra seconds 

may be critical to a patient's life. Typically, prior art 

devices require several steps to accomplish the task of 

loading and unloading, particularly where a tube sensor 

must be placed against the administration set to detect 

occlusions .

Some prior art devices incorporate a pressure 

transducer and diaphragm assembly to monitor fluid . 

pressure as an indication of occlusion. Such an occlusion 

detection technique is undesirable in view of the 

complexities and cost involved.

Still other prior art devices use strain gages to 

measure the diameter of the supply tube as a means of 

sensing occlusions. For example, it is known to sense the 

diameter of a supply tube with a strain gage to. detect 

upstream or supply occlusions. Thus, upon the occurrence 

of an occlusions in the supply tube, or an empty supply 

bag or vessel, a vacuum will be drawn in the supply tube 

by the continued operation of the pump. Because the supply 

tube is formed of resilient material, this vacuum will 

slightly reduce the diameter of the tube. A strain gage 

mounted against the outside. wall of the tube senses the 

diameter reduction, and activates an occlusion alarm. 

Repeatedly placing the disposable tubing accurately 

against such a strain gage is difficult and makes such 

systems less reliable than would be desirable.

In a similar fashion, it is known to sense the 

diameter of the outlet tube to monitor downstream
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occlusions, such as a blocked needle or obstructed tubing 

connection. Here, the prior art devices use strain gages 

to sense the diameter increase in the outlet tube caused 

by increased pressure which the blockage creates, so that

5 an alarm may be activated. These sensors are subject to 

the same weaknesses described above.

Summary of the Invention

The present invention provides a device for pumping

10 fluid from a fluid source to a patient, comprising a fluid 

delivery conduit disposed between said fluid source and 

said patient, a pump which draws fluid'from said fluid 

source, through said delivery conduit, and to said 

patient, and a single optical occlusion sensor responsive

15 to dimensional changes in said fluid delivery conduit and 

optically sensing occlusions both upstream and downstream 

from said pump .

The present invention further provides a device for 

pumping fluid from a fluid source to a patient, comprising

20· a fluid delivery conduit disposed between said fluid

source and said patient, a pump which draws fluid from 

said fluid source through said fluid delivery conduit, 

said pump pinching the fluid delivery conduit closed at 

least two pinching location, an upstream location and a

25 downstream location and an optical occlusion sensor

located between said upstream and downstream locations 

defining a sensor location, said optical occlusion sensor 

responsive to a dimension of said fluid delivery conduit 

at said sensor location.
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The present invention further provides a device for 

pumping fluid from a fluid source to a patient, comprising

. a fluid delivery conduit disposed between said fluid 

source and said patient, a pump which draws fluid from

5 said fluid source, through said delivery conduit, and to 

said patient, and means for sensing bubbles in said fluid 

and occlusions in said fluid delivery conduit which 

comprises a single sensor.

The present invention further provides a device for 

10 pumping fluid froze a fluid source to a patient,

comprising a fluid delivery conduit disposed between said 

fluid source and said patient, a pump which draws fluid 

from said fluid source, through said delivery conduit and 

to said patient, and a single optical sensor which senses

15 total internal light reflection at a first location for 

.sensing occlusions in said fluid delivery conduit, and

total internal light reflection at a second location for 

sensing bubbles in said fluid.

The present invention further provides a device for 

20 pumping fluid from a fluid source to a patient,

comprising: a fluid delivery conduit disposed between said 

fluid source and said patient, a pump which draws fluid 

from said fluid source, through said delivery conduit, and 

to said patient, and an optical occlusion sensor

25 synchronized to operate at two distinct phases of 

operation of said pump.
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An infusion pump for delivering fluid from a fluid 

source to a patient, comprising a fluid delivery conduit 

disposed between said fluid source and said patient, a 

pump which draws fluid from said fluid source, through

5 said delivery conduit, to said patient, and a three state 

optical sensor for measuring three different pump 

conditions by monitoring said fluid delivery conduit 

optically.

In a preferred embodiment, the present invention is an 

10 improved occlusion sensing system for an ambulatory

infusion device having a disposable administration set.

The occlusion sensor is preferably relatively insensitive 

to mechanical misalignment of the disposable

administration set in the pump, is inexpensive to 

15 manufacture and provides reliable, consistent protection

from both upstream (supply) and downstream (patient 

output) occlusions.

The preferred embodiment of the present invention 

utilizes two pumping cams and two pumping cam followers,

20 which function such that, at any point in time, one of the 

two pumping cams is always pumping. The two pumping cams 

comprise a primary pumping cam associated with an upstream 

segment of the delivery tube and a secondary pumping cam 

associated with a downstream segment of the delivery'tube.

25 The primary pumping cam is wider than the secondary

pumping cam, so that it can displace sufficient fluid 

during its pumping stroke to deliver fluid external to the 

pump and at the same time deliver fluid to the section of 

the tubing beneath the secondary pumping cam to allow it

30 to fill. The secondary pumping cam is narrower, since it 

only needs to deliver fluid external to the pump. The 

present invention additionally utilizes pinching cams and 

pinching cam followers, which open and close the delivery 

tube to allow the
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pumping action to function properly. The pinching cams comprise an inlet pinching cam associated with the upstream 

segment of the tube and an outlet pinching cam associated with the downstream segment of the tube. Thus the 

pumping cam followers, acted upon by the pumping cams, control the rate of fluid flow, while the pinching cam 

followers acted upon by the pinching cams, operate as valves for the pump. Such a configuration allows one

5 segment of the delivery tube to fill with fluid while another segment of the delivery tube is pumping, thus providing 

a continuous and uniform fluid flow.

In still another feature of the present invention the disposable administration set of the infusion device is 

less prone to operator loading errors. This is accomplished through a reduced number of required operations and a 

reduction in the complexity of the operations. This is facilitated by providing channels extending along the length 

10 of the walls of a housing structure of the infusion device. These channels slidingly receive the disposable 

administration set in a simple, single insertion step. Additionally, since the disposable administration set includes the 

delivery tube retainer plate and cam followers, the position of the delivery tube relative to the tubing retainer plate 

and cam followers is established in a manufacturing operation which can be closely controlled. Assemblers are not 

under the stress of a clinical situation and they specialize in the proper assembly of the disposable administration 

15 set. Good manufacturing procedures provide additional checking systems to insure that the tubing is properly loaded

and that the administration set properly assembled. These practices are not possible in a clinical environment.

The set loading and retaining channels allow precise positioning of the tubing, followers, and pressure plate 

without any adjustments or complicated, bulky, or expensive mechanisms. The disposable administration set results 

in an overall fluid delivery system which is small, lightweight, and ambulatory.

20 The disposable administration set includes a channel segment which is slightly narrower than the outside

diameter of the tubing. Consequently, when the tubing is positioned within this channel at the time of manufacture, 

a narrow portion of the tube wait will be flattened against the wall of the channel of the administration set. This 

narrow portion forms a contact line with the channel wall having a highly predictable line width. A source of 

illumination is directed at the channel wall, and a photodetector is used to measure the width of this contact line.

25 If pressure within the tube causes the tube's diameter to increase, the contact line width will increase. Likewise, 

if a vacuum is drawn within the tube, so that the diameter of the tube decreases, the contact line width will 

decrease. In fact, the contact line may disappear altogether if contact between the channel wall and the tube 

ceases.

This channel segment is placed between the two pinching cam follower locations in the pump. Thus, when

30 the upstream pinching cam pinches the upstream follower against the tube, and the downstream pinching cam 

follower is raised away from the tube, the tubing in this channel segment is subjected to the output pressure of the 

pump. When the downstream pinching cam pinches the downstream follower against the delivery tube, and the 

upstream pinching cam follower is raised away from the tube, the tubing in this channel segment is subjected to the 

inlet pressure or vacuum of the pump. By synchronizing the measurement of the contact line width with the rotation

35 of the cam, both the upstream and downstream pressure may be sensed. This permits a single sensor to monitor

for both upstream (supply) and downstream (outlet to patient) occlusions. The use of a single sensing mechanism
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for both upstream and downstream occlusion sensing simplifies the pump "construction, reduces the cost of the 

system, and increases overall reliability.

In order to measure the contact line width, a light source, such as a light emitting diode (LED) is positioned 

on the outside of the channel wall at the channel segment. The channel wall is transparent, and the light from the 

5 LED thus illuminates the region of contact between the tubing and the channel segment wall. If the light is 

introduced at an angle relative to the plane of the channel segment wall, total internal reflection will occur at the 

channel segment wall when the tubing does not contact the wall, i.e., when the difference between the index of 

refraction of the channel wall and surrounding air is relatively high. When, however, the tubing contacts the channel 

wall, because the tubing has a higher index of refraction than air, the difference between the refractive indexes of

10 the wall and the tubing is such as to prohibit total internal reflection at the channel wall.

A photodetector is placed at the channel wall, and directed toward the contact line. When total internal 

reflection occurs, the detector is illuminated. When no total internal reflection occurs, the detector is not illuminated. 

As the contact line width increases, the degree of total internal reflection is altered, and the amount of light at the 

photodetector changes. By measuring the output from the photodetector, the pumping system can determine the

15 extent of pressure or vacuum in the tube at the channel segment.

If, during a time when the upstream pinching cam releases the upstream follower from the tubing, the 

output of the photodetector increases, indicating increased total internal reflection caused by a narrowing of the 

contact line due to vacuum in the tubing, an upstream occlusion alarm is activated. Similarly, during a time when 

the upstream pinching cam closes the upstream follower against the tubing, the output of the photodetector 

20 decreases, indicating decreased total internal reflection caused by a widening of the contact line due to pressure in

the tubing, a downstream occlusion alarm is activated.

This occlusion sensing system is simple, rugged, reliable and inexpensive. It permits a single sensor to 

measure both upstream and downstream occlusions, without requiring precise alignment of the administration set 

within the pump.

25 Brief Description of the Drawings

The preferred embodiment of the present invention is illustrated in and by the following drawings in which 

like reference numerals indicate like parts and in which:

Figure 1 is a perspective, exploded view illustrating an infusion device having a disposable administration 

set in accordance with the present invention.

30 Figure 2 is a perspective view illustrating a disposable administration set for use with the infusion device

of Figure 1.

Figure 3 is a cross section view taken along the line 3-3 of Figure 1.

Figure 4 is a plan view illustrating the single-piece cam of the invention.

Figure 4a is a cross section view taken along the line a-a of Figure 4 illustrating the contour of the outlet

35 or secondary or downstream pumping cam of the present invention.
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Figure 4b is a cross section view taken along the line b-b of Figure 4 illustrating the contour of the outlet 

pinching cam of the present invention.

Figure 4c is a cross section view taken along the line c c of Figure 4 illustrating the contour of the inlet 

or primary or upstream pumping cam of the present invention.

5 Figure 4d is a cross section view taken along the line d-d of the present invention illustrating the contour

of the inlet pinching cam of the present invention.

Figure 5 is a plan view illustrating a cam follower and spacer assembly of the present invention.

Figure 6 is a side elevation exploded view illustrating the cam follower and spacer assembly and the plate 

assembly.

10 Figure 7 is a graphical representation of the cam radii versus the angle of cam rotation of the present

invention.

Figure 8 is a graphical representation of the tubing ID gap versus the angle of cam rotation of the present

invention.

Figure 9 is a plan view of an the tubing retainer plate of the administration set of this invention, showing 

15 the optical path elements for the occlusion detection system.

Figure 10 is a sectional view of the tubing retainer plate of Figure 9, taken along line 10-10 of Figure 9, 

along with a broken away portion of the infusion device body, showing the positional relationship of the retainer 

plate when the administration set is installed in the infusion device.

Figure 11 is a sectional view of the tubing retainer plate of Figure 9, taken along line 11-11 of Figure 9, 

20 showing the positional relationship of the tubing and the retainer plate when the administration set is installed in

the infusion device, and neither the inlet nor the outlet tubing is occluded.

Figure 12 is a sectional view of the tubing retainer plate of Figure 9, taken along line 11-11 of Figure 9,

identical to Figure 11, but showing the positional relationship of the tubing and the retainer plate when the

administration set is installed in the infusion device and the inlet tubing is occluded.

25 Figure 13 is a sectional view of the tubing retainer plate of Figure 9, taken along line 11-11 of Figure 9,

identical to Figures 11 and 12, but showing the positional relationship of the tubing and the retainer plate when the

administration set is installed in the infusion device and the outlet tubing is occluded.

Figure 14 is a sectional view of the tubing retainer plate of Figure 9, taken along line 14-14 of Figure 9, 

along with a broken away portion of the infusion device body and the adjacent wall of the tubing, showing the 

30 positional relationship of the retainer plate and the occlusion sensors when the administration set is installed in the

infusion device.

Figure 15 is a broken-away schematic view showing the view of the tubing retainer plate at the 

photosensor of the occlusion sensing system.

Figure 16 is a schematic view, similar to the view of Figure 14, illustrating the light path when there is 

35 no occlusion, or when there is a downstream occlusion.
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Figure 17 is a schematic view, identical to Figure 16, except that It illustrates the light path when there 

is an upstream occlusion.

Figure 18 is a schematic view, identical to Figure 16, except that it illustrates the light path when there 

is a bubble in the fluid in the tubing.

5 Figure 19 is a schematic view, identical to Figure 16, except that it illustrates the light path when there

is a downstream occlusion and a fluid leak in the system.

Figure 20 is a schematic view, identical to Figure 16, except that it illustrates the light path when there 

is an upstream occlusion or no occlusion, and a fluid lead in the system.

10 Detailed Description of a Preferred Embodiment

Figure 1 illustrates the infusion device 10 of the present invention for administering intravenous fluid at a 

consistent and uniform rate. The infusion device 10 is designed to be small, lightweight and ambulatory. The 

infusion device 10 includes a disposable administration set 12 having a plurality of cam followers 42 which are 

displaced in a predetermined sequence when depressed by a pumping mechanism 64 to squeeze a delivery tube 36 

15 for dispensing fluid. In Figures 1 and 2, a simplified administration set 12, without provision for the occlusion sensor 

of the present invention, is shown, and will be used to explain the operation of the device 10 by way of background.

The pumping mechanism 64 is driven by a commercially available motor 11 (not shown). The disposable 

administration set 12 loads easily into the housing structure 66 adjacent the pumping mechanism 64. Oriented 

directly above the housing structure 66 is an optional fluid reservoir 60 which provides a continuous flow of fluid 

20 to the inlet of the delivery tube 36 for dispensing and infusing fluid into a patient's body. Alternatively, the fluid 

delivery tube 36 may connect to an external reservoir (not shown), or the reservoir 60 may be located at other

positions on the assembly.

The housing structure 66 comprises a rectangular chamber 67 surrounded by side walls 68 and a rear wall 

69. The floor of the rectangular chamber 67 drops into a recess 70 towards the front end. The pumping 

25 mechanism 64 is located within the recess 70. Extending throughout the length and parallel to the base of each 

of the side walls 68 is a narrow channel 72 having a lower shoulder 73. The disposable administration set 12 slides 

within the channels 72. As best seen in Figure 3, each of the channels 72 includes a spring-biased ball assembly 

75. The disposable administration set 12, while being manually inserted into the channels 72, depresses the spring 

assemblies 75. After insertion of the set 12, the spring assemblies on either side bias the disposable administration 

30 set 12 against the shoulders 73 of the channels 72, holding the disposable administration set 12 accurately in 

position. In operation, the disposable administration set 12 is manually loaded into the infusion device 10 in a simple 

sliding operation. As the administration set 12 slides into the infusion device, the cam followers 42 are gradually

pushed against the delivery tube 36 by the pumping mechanism 64.

Figures 2 and 6 illustrate the simplified disposable administration set 12 without the occlusion sensing of 

35 the present invention. The disposable administration set 12 is formed from rigid transparent plastic or the like, and

includes a tubing retainer plate assembly 14 which may advantageously be injection molded as a single piece.
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The tubing retainer plate assembly 14 includes a tubing retainer plate 16 having a flat tube-contacting 

surface and a cam follower retainer 20 projecting normal to this surface at one end. The cam follower retainer 20 

terminates in a an overhanging latch 24 projecting substantially parallel to the retainer plate 16. The latch 24 serves 

as a locking mechanism for holding the cam followers 42 in position, adjacent the tube 36 prior to insertion of the 

5 administration set 12 into the housing 66. During insertion of the administration set 12 into the channels 72, some 

of the cam followers 42 are depressed by the pumping mechanism 64. Between pumping cycles of the various cams,

the followers return to a standby position against the latch 24.

As best seen in Figures 2, 5 and 6 the disposable administration set 12 further includes a cam follower 

and spacer assembly 40. In the preferred embodiment of the present invention the cam follower and spacer assembly 

10 40 may also be injection molded as a single piece independent of the tubing retainer plate 16. Alternatively, the cam 

follower and spacer assembly 40 may be molded as one piece with the tubing retainer plate assembly 14 provided 

that a hinge is molded to connect the cam follower and spacer assembly 40 to the tubing retainer plate assembly

14. The cam follower and spacer assembly 40 includes two gap correction spacers 44 in the form of elongated 

extending finger-like projections which flank the tubing retainer plate 16 on either side (as best seen in Figure 2).

15 Since the cam followers 42 are instrumental in controlling the amount of fluid dispensed, the thickness of the cam 

followers 42 is a critical dimension which directly effects the volume of the delivery tube 36. The accurate pinching 

of the delivery tube 36 is necessary to allow a desired flow of fluid through the available passage. However, due 

to typical molding process variations such accuracy may not be possible. The gap correction spacers 44 

advantageously counteract these thickness variations. During the molding process, the thickness of both the cam 

20 followers 42 and the gap spacers 44 will vary by the same amount, because they are formed in the same mold 

cavity. Thus, any molding variations, such as those due to mold temperature or pressure, will affect both of these

parts identically.

Referring to Figure 3, it will be seen that, after insertion of the administration set 12 into the housing 66, 

the dispensing tube 36 is positioned immediately below the spring-biased retainer 75. The spring-biased retainer 75 

25 holds the administration set accurately in place against the shoulders 73 (as best seen in Figure 1) as described 

earlier. The cam followers 42 are pushed against the tube 36 by a plurality of cams 85, one of which is shown

in Figure 3. Pumping is accomplished, as will be described below, by squeezing the tube 36.

The gap correction spacer 44 rests between the plate 16 and the shoulder 73 (as best seen in Figure 1). 

Thus, if the spacer 44 is thicker than normal, the plate 16 will be positioned further from the cam 85 than normal. 

30 However, in this case, as explained above, the cam followers 42 will also be thicker than normal, offsetting the 

effect of the thicker spacer 44. It is advantageous, in accomplishing this self correction, that the thickness of the 

spacer 44 be the same as that of the active part of the follower 42, so that they will vary identically in thickness.

The plurality of cam followers 42, as best seen in Figure 5, includes an inlet pincher cam follower 43, a

35 primary, upstream, inlet pumping cam follower 46, an outlet pincher cam follower 48, and a secondary, downstream,

outlet pumping cam follower 50. Each of the cam followers 42 are attached to the cam follower and spacer
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assembly 40 by flexible cam follower arms 54. Each of the cam followers 42 are displaced toward the delivery tube

36 in a predetermined sequence. The inlet pincher cam follower 43 and the outlet pincher cam follower 48 deform

the fluid delivery tube 36 to close it off, and thus act as valves. The primary pumping cam follower 46 and the

secondary pumping cam follower 50 pump the fluid through the delivery tube 36. The primary pumping cam follower

5 46 which contacts the upstream segment of the delivery tube 36 is approximately twice the width of the secondary 

pumping cam follower 50, and it thus squeezes twice the length of tubing. This facilitates displacement of enough 

fluid during a pumping stroke for delivering fluid external to the pump and at the same time delivering fluid to the 

downstream segment of the fluid delivery tube 36, beneath the follower 50, to allow it to fill. Thus, as the follower 

46 is being advanced toward the tube 36, the follower 50 is being withdrawn. The fluid displaced by the follower 

10 46 fills the tube 36 as it is released by the follower 50, and also supplies enough fluid to continue the outflow from

the pump.

Referring now to Figure 4, the pumping mechanism 64 which provides a continuous and uniform flow will 

be described. The pumping mechanism 64 comprises a cam assembly 84 and an axle shaft 86. In the preferred 

embodiment, the cam assembly 84 is preferably formed and machined from a single piece of metal. Alternatively, 

15 the cam assembly 84 may be cast, and later machined. As shown, the assembly 84 includes a central aperture 83 

to accommodate an axle shaft 86. The shaft 86 may include a flat 86a to couple the shaft 86 to a motor. The 

axle shaft 86 rotates within bearings which are in turn mounted in two apertures formed within the walls 68 as 

best seen in Figure 1. The axle shaft 86 driven by the motor provides rotation to the cam assembly 84. The cam 

followers 42 are displaced in a predetermined sequence, as described below, thereby squeezing the delivery tube 36

20 and dispensing a specified volume of fluid.

The cam assembly 84 is specifically designed such that each incremental angle of revolution displaces the 

same amount of fluid. The cam assembly 84 includes the plurality of spaced cams 85. The plurality of spaced cams 

85 include an inlet pincher cam 87, a primary, upstream, inlet pumping cam 88, an outlet pincher cam 90 and a 

secondary, downstream, outlet pumping cam 92. The inlet pincher cam 87 and the primary pumping cam 88 are 

25 operably associated with the inlet pincher cam follower 43 and the primary pumping cam follower 46, respectively. 

Similarly, the outlet pincher cam 90 and the secondary pumping cam 92 are likewise operably associated with the 

outlet pincher cam follower 48 and the secondary pumping cam follower 50. Referring to Figures 4b and 4d 

the inlet pincher cam 87 and the outlet pincher cam 90 will be described. The inlet pincher cam 87 and outlet 

pincher cam 90 operate as valves for the pumping action. The surfaces of the pincher cams 87, 90 are contoured 

30 such that between specified rotational positions either the upstream or the downstream segment of the tube 36 is

pinched off to obstruct fluid flow.

Referring to Figures 4a and 4c, the primary pumping cam 88 and the secondary pumping cam 92 include

active pumping surfaces which are uniquely contoured so that the fluid delivery tube 36 is squeezed in such a manner

that a constant speed of rotation of the axle shaft 86 results in a uniform or constant displacement of fluid volume

35 from the appropriate segment of the fluid delivery tube 36. To accomplish this result, the primary pumping cam 88
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and the secondary pumping cam 92 surfaces are contoured based upon the' following principles and calculations.

The equation defining the volume of a cylindrical tube with I representing the length and d the inside 

diameter is as follows:

5 VC¥| = length x area

= I χ π d x d/4

The equation defining the volume of an elliptical tube with g representing the inside edge diameter or minor 

gap and L representing the portion of the cam in contact with the cam follower is as follows:

Veli “ length x area

10 = I χ Z7X g x g/4 + L x g

Since the circumference of the tube 36 remains relatively constant when the tubing is deformed from a

cylindrical shape into an elliptical shape by the cam followers 42, the cylindrical circumference equals the elliptical 

circumference.

Celi ° Ccvl

15 Additionally the circumference of a cylinder and an ellipse are defined as Ccy, - rzd and Celi - 2 x L + π

x g, respectively.

Thus since the circumference remains constant throughout the deformation process of the delivery tube 36, 

the two circumferences may be equated as follows:

z7xd-2xL + 77xg

20 Solving for L

L = {z7xd-/7xg)/2

and substituting for area

area - g x L + π x g x g/4 - g χ (π x d - π x g) I 2 

+ n x g x g/4

25 area = Γ/2) x g x d · ("/4) x g x g

considering that g = d as the total area displaced and breaking that total area into 100 equal

area increments

total area - π x d x di,

and the

30 incremental area change - n x d x d/400

and then solving for the 100 g values 

corresponding to each of the 100 incremental area increments

area 1 = Γ/2) x g x d · C/4) x g x g = π x d x dU

and solving for g given the constant cylinder d value and letting

35 K = η x d x d/400 for simplification

and letting rr/4 = c for simplification
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2 x c x d x g - c x g x g - k - 0 '

and solving for the second incremental area

2xcxdxg-cxgxg-2xk-0

and calculating the remaining 98 equal area increments.

5 An incremental part of the cam rotation is selected for filling and the remaining part of the rotation will

be for pumping. For example, if 180° is selected for pumping, then each incremental area change will occur in 1.8° 

increments such that the g for the first incremental area will occur at 1.8 degrees, the g for the second incremental 

area will occur at 3.6 degrees, etc. Finally, the g for the 100th area will occur at 180 degrees. The cam radiuses 

at each increment can then be calculated by subtracting the required g value from the displacement between the 

10 center of the cam to the face of the plate assembly minus the cam follower thickness minus 2 times the tubing wall

thickness plus the gap spacer thickness.

Using this derivation, it is possible to generate the proper cam pumping profile for any combination of tube 

diameter, cam spacing, tube wall thickness, and cam-degrees of pumping rotation.

The relationship between the cam radius and the tubing gap is algebraically proportional only when the cam

15 radius in constant. As the cam radius changes, the effect of the approximately horizontal surface of the follower, 

contacting the changing cam surface makes it necessary to take the phase and amplitude into consideration. For 

example, a rapidly increasing cam surface results in a gap change that leads the actual radius change. Likewise, 

a rapidly decreasing cam radius results in a gap change that lags the actual radius change. The amount of change 

in phase is a function of a ratio of the beginning and ending cam radii.

20 The present invention utilizes approximate predicted phase changes based on calculations, of the ratio of

the beginning and ending cam radii, relative to the rotational positions of the cam. This effect is more significant 

in the case of the rapidly changing pincher cams which are characterized by transitioning phase changes of 

approximately 35 degrees. Thus, once the cam profiles and approximate rotational positions of each cam are 

selected, the actual gaps are numerically computed as described. For each degree of rotation, each radius has a

25 vertical component which is computed by multiplying the actual radius length by the cosine of the angle that is 

formed by that radius relative to a vertical line. The vertical line passes through the center of the axle shaft and 

is approximately normal to the surface of the cam follower. The vertical component of each radius thus changes 

as the cam rotates about its axis. Since the follower is formed to contact the cam surface in an approximately 

downward direction, for a particular degree of rotation of the cam, the cam follower will contact the cam surface

30 at the radius which has the greatest positive vertical component. The actual radius of contact at each degree of 

rotation is determined by numerically computing the radius with the greatest vertical component at each degree of 

rotation.

Referring to Figures 4 and 7 the operation of the cams 85 relative to the gap of the delivery tube 36 will 

be described. The cam assembly 84, as seen in Figure 4, rotates about the axle shaft 86 and acts through the cam 

35 followers upon the delivery tube 36 positioned directly beneath the cam assembly 84. As best seen in Figure 7, 

between the rotational positions 0 degrees and 200 degrees the inlet pincher cam 87, indicated by a curve trace 87a,
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forces the inlet cam follower 43 to pinch off the upstream segment of the tube 36 to prevent fluid flow back into

the reservoir 60. While the upstream segment of the tube 36 is pinched off, the primary pumping cam 88 progresses

through a gradual pumping stroke lasting from 0 degrees to approximately 175 degrees, indicated by the curve 88a.

This displaces the inlet pumping cam follower 46 against the tube 36 to squeeze enough fluid to the downstream

5 segment as well as external to the pump to continue to provide a uniform and consistent flow while the tube 36 

beneath the secondary pumping cam 92 is filling. This filling is caused by a reduction in the diameter of the cam 

92 through this rotational segment, as shown by curve 92a.

Once the downstream segment of the tube has been filled with fluid (at approximately the 180 degree 

rotation point), the outlet pincher cam 90 closes and remains closed between the rotational angles 200 degrees to 

10 340 degrees, indicated by the curve 90a. This forces the outlet cam follower 48 to pinch off the downstream 

segment of the delivery tube 36. When the cam 90 pinches the tube 36 at approximately the 180 degree rotational 

position, the cam 87 rotates to a reduced diameter region which extends between approximately 220 degrees and 

340 degrees. This opens the tube 36 beneath the cam 87, as shown by curve 87a, to allow fluid to flow from the 

reservoir 60 to the portion of the tube 36 which underlies the cam 88, so that this tube portion may fill. This 

15 allows the upstream segment to fill in response to a gradual reduction in the radius of the cam 88, as shown by 

the curve 88a between 220 degrees and 340 degrees. During this segment, the secondary pumping cam 92, 

indicated by the curve 92a, depresses the secondary cam follower 50 against the tube 36 dispensing fluid external

to the pump.

Referring to Figure 8, the affect of the cams 85 on the tubing gap during their rotational movement is 

20 shown. The curves of Figure 8 are thus somewhat inversely proportional to the curves of Figure 7, since an increase 

in cam radii causes a decrease in the corresponding tube 36 gap, taking into account the fact that the gap change 

leads the actual radius change. The upstream segment of the tube 36, indicated by the curve 87b is completely 

pinched off between the rotational positions 340 degrees and 200 degrees. The primary pumping cam 88, as 

described above, reduces the gap beneath it to expel fluid until it reaches a rotational angle position of 175 degrees, 

25 as indicated by the curve 88b. The gap of the tube 36 beneath the cam 92 is gradually increased during this 

segment between 0 degrees and 180 degrees, so that the tube 36 beneath the secondary pumping cam 92 will

slowly fill with fluid.

Once the downstream segment of the tube 36 has been filled, the outlet pincher cam 90 causes the 

downstream segment to be pinched off as indicated by the curve 90b so that the secondary pumping cam 92 can 

30 deliver fluid external to the pump. The tubing gap beneath the cam 92 varies as indicated by the curve 92b during

the pumping stroke (175 degrees to 360 degrees) of the secondary pumping cam 92.

Referring now to Fig. 9, the construction and operation of the occlusion sensing system of this invention

will be described. Figure 9 shows the tube-retaining surface, that is, the lower surface as viewed in Fig.l, and the

upper surface as viewed in Fig. 2, of the tubing retainer plate 16 of the disposable administration set 12. This plate

35 is transparent, and thus an occlusion sensing recess 100 can be seen through the plate 16 in the view of Fig. 9,

though this recess is located on the underside of the plate 16 in this view.
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An inlet tubing aperture 101 guides the inlet tubing from the medication source to the upper surface of the 

tubing retainer plate 16. In a similar fashion, an outlet tubing aperture 103 guides this same tube 36 from the 

surface of the tubing retainer plate 16 to the patient. Between these two apertures 101, 103, the tubing is guided, 

under slight tension, across the upper surface of the plate 16 between a series of stanchions. A first stanchion 105 

5 and a last stanchion 119 form fulcrums around which the tubing is bent as it enters and exits the plate 16, so that 

the tubing can extend straight across the face of the plate 16 therebetween. Between the first stanchion 105 and 

a pair of opposed stanchions 107, 109, the surface of the plate 16 is raised by approximately .020 inches in a small 

region 110. This region 110 is also shown in Fig. 10, and is opposite the inlet pinching cam follower 43, and the

raised surface 110 assists in assuring that the tubing will be completely pinched off by the cam follower 43.

10 Similarly, between a pair of stanchions 111, 113 and another pair 115,117, the surface of the plate 16

in a region 112 is raised by .020 inches at a location opposite the pinching cam follower 48 for the same reason.

When the tubing is in place on the plate 16, it is held against the regions 110 and 112 by the opposed 

pinching cam followers 43, 48, which are in turn held down by the latch 24 (Fig. 2).

Between the stanchions 107,109 and the stanchions 111,113, because the tubing is under slight tension, 

15 the tubing is actually suspended above the surface of the plate 16, unless held against that surface by the follower

46.

At a location midway between the stanchions 107, 109 and 111, 113, on the underside of the plate, as 

viewed in Fig. 9, and as shown in cross section in Fig. 11, there is a specially formed recess 100 for the occlusion 

sensing system of this invention. It should be noted that this position of the recess 100 is significant, as it underlies 

20 a portion of the tube 36 which is beneath the follower 46, and is between the pinching followers 43 and 48. 

Because of this location, the tubing located above the recess 100 is in direct fluid communication with the upstream 

(supply) tubing when the pinching follower 43 is open, and the pinching follower 48 is closed. This occurs, as can 

be seen from Figs. 7 and 8, following the 200 degree position and up until the following 335 degree position the 

cam assembly. (Note that curves 87a and 87b relate to the movement of the follower 43, while curves 90a and 

25 90b relate to the movement of the follower 48.) In addition, at this location, the tubing located above the recess 

100 is in direct fluid communication with the downstream (outlet to patient) tubing when the pinching follower 43 

is closed, and the pinching follower 48 is open. This occurs, as can be seen from Figs. 7 and 8, following the 335 

degree position, and up until the following 200 degree position of the cam assembly. As a consequence, it is 

possible with a single sensing system to detect occlusions in both the upstream and downstream connections to the

30 infusion device.

Figures 7 and 8 demonstrate that the pumping follower 46 is in a fully raised position following the 250

degree position, and up until the 360 degree position. (Illustrated by curves 88a and 88b.) Thus, following the 250

degree position and up until the 335 degree position, the follower 46 is at its furthest position away from the plate

16, and the tubing is at its maximum diameter and in communication with the upstream or supply portion of the

35 tubing. Similarly, following the 335 degree position, and until the 360 degree position, the follower 46 is at its
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furthest position away from the plate 16, and the tubing is at its maximum diameter and in communication with the 

downstream or patient portion of the tubing.

Referring now to Figs. 11, 12 and 13, the condition of the tubing immediately opposite the recess 100 and 

under various operating conditions will be described. In each of these figures, the follower 46 is shown at its raised

5 position, that is, the position furthest away from the plate, so that the tubing is at its maximum diameter.

In Fig. 11, the tubing is in its normal condition, that is, neither expanded from pressure nor contracted from vacuum 

within the tube 36. In this condition, between the 250 degree position and the 360 degree position, the tubing is 

held against the surface of the plate 16 by the follower 46 so that a relatively narrow region 121 of the tube 36 

is in contact with the plate 16 opposite the recess 100. The follower 46 is held in position by the latch 24, so

10 that the extent of tube 36 contact with the plate 16 is predetermined.

Fig. 12 shows the condition of the tube 36 between the 250 degree position and the 335 degree position,

when a vacuum is drawn within the tube 36. The outside diameter of the tube 36 is reduced by the vacuum so 

that the tube 36 cannot fill the distance between the surface of the plate 16 and the follower 46. Because the 

tube 36 is under slight tension, and is stretched between the raised regions 110, 112 (Fig. 9), the tube 36 will lift

15 away from the surface of the plate 16 under these conditions, so that there will be no contact between the tube 

36 and the plate 16 opposite the recess 100.

Figure 13 shows the condition of the tube 36 between the 335 degree position and the 360 degree 

position, when the medication within the tube 36 is under pressure. The outside diameter of the tube 36 is 

increased by the pressure so that the walls of the tube 36 flatten out against the surface of the plate 16 and the 

20 follower 46. This flattening will increase the width of the region 123 of contact between the tube 36 and plate

16 opposite the recess 100.

As will be seen from the following description, the extent of contact between the tube 36 and plate 16 

is used to sense occlusions within the tubing.

Referring now to Fig. 14, a greatly enlarged cross sectional view of the portion of Fig. 11 in the region 

25 of the recess 100 will be described. The recess 100 is actually a pair of recesses 100a and 100b which are formed 

to direct light toward the interface of the tubing and the surface of the plate 16. If the angle of incidence of the 

light with this interface, and the respective refractive indexes, and properly selected, total internal reflection of the 

light will occur at the interface when the tubing is separated from the plate 16, but will not occur at the interface 

when the tubing is pressed against the plate 16. The existence or lack of total internal reflection is used to

30. determine the condition of the tubing, and thus the existence of occlusions.

More specifically, within the wall 125 of the reservoir (Fig. 1), a light emitter 127 and a light detector 129 

are mounted at respective angles of (theta)A and (theta)B, with regard to a line normal to the surface of the wall 

125. The wall 125 is parallel to, and slightly spaced from the plate 16 when the administration set 12 is installed 

in the infusion device 10. The light emitter 127 is typically a LED including a lens 131 which creates a light beam 

35 which diverges at approximately 10 (degrees). Similarly, the light detector 129 typically includes a focusing lens 133

suitable for focusing a 10 (degree) converging light beam onto a photodetector 134.
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The recess 100b is wedge-shaped and includes a surface 135 formed as a convex lens which is coaxial 

with the light emitter 127. This lens 135 collimates the light from the emitter 127, and directs the light toward 

the surface 137 of the plate 16. The surface 137 is adjacent the wall 138 of the tubing. Light which is reflected 

from the surface 137 is focused by a similar convex lens 139 formed in wedge-shaped recess 100a. This lens 139 

5 is co-axial with the light detector 129, and focuses the reflected light through the lens 133 to the photodetector 

134. If the illumination output from the LED 127 is constant, changes in the light level detected by the

photodetector indicate the amount of light reflection at the surface 137.

Figure 15 illustrates the view of the surface 137 of the plate 16 from the photodetector 129. In this 

figure, the oval 141 represents the field of view of the photodetector 129. This field of view includes a first region 

10 143 in which the tube 36 is in contact with the surface 137 of the plate 16, and a second region 145 in which 

the tube 36 is not in contact with the surface 137. As described earlier, the region 143 will widen as the fluid in 

the tube 36 is pressurized, so that a wider region 123 (Fig. 13) of the tube 36 is pressed against the surface 137. 

When the tubing is subjected to a vacuum, so that no contact occurs between the plate 16 and the tube 36 (Fig. 

12), the region 143 will disappear altogether from the field of view 141. As will be described more fully below, 

15 total internal reflection occurs within the region 145, while absorption of the light incident from the LED 127 occurs

in the region 143.

Referring now to Figs. 16-20, the operation and construction of the occlusion detection system will be 

described. Referring first to Figure 16, which shows schematically the path of light from the LED 127 when the 

tube 36 is separated from the plate 16, a condition which will occur if there is an upstream occlusion, such as an 

20 empty supply receptacle or a pinched tube between the receptacle and the pump. In this situation, total internal 

reflection of the incident light should occur at the plate 16/air interface. As will be seen from the following analysis, 

if the refractive indexes of the plate 16 and tube 36 are known, the angles 0k and ΘΒ may be derived, so that the 

LED 127, photodetector 124 and recess 100 may be properly oriented. If the refractive index of the plate 16 is 

Mp, and the refractive index of air is Ma (1.00), the expression for total internal reflection is Sin (Theta)a >_ Ma/Mp. 

25 If Mp is 1.55, as is the case for polycarbonate, the plastic used in the preferred embodiment for the plate 16, then

(Theta)a >_ 40.2 degrees for Total Internal Reflection.

Referring now to Figure 17, the path of light from the LED 127 is shown when the tube 36 is pressed 

against the plate 125, a condition which will occur at the center of the tube when there is no occlusion, and across 

a wider region when there is a downstream occlusion which increases the fluid pressure in the tube 36. In this 

30 case, absorption of the light should occur at the plate 125/tube 36 interface. If the refractive index of the tube 36, 

Mf, is 1.40, which is the case for clear PVC, the plastic used in the preferred embodiment for the tube 36, total 

internal reflection will occur if Sin (Theta)a >_ Mf/Mp, i.e, if (Theta)a is greater than 64 degrees. Thus, to assure

light absorption under these conditions, (Theta)a must be less than 64 degrees.

From these calculations, it is clear that a range of (Theta)a angles exists (40-64 degrees for the preferred 

35 embodiment) which will provide total internal reflection of the light beam when the tube 36 is separated from the

plate 125, and absorption of the light beam when the tube 36 is pressed against the plate 125.
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Referring now to Fig. 18, the condition in which the tube 36 is pressed against the plate 125, but in which 

an air bubble, rather than fluid, is in the tube 36, will be described. Assuming light absorption occurs at the 

interface of the plate 125 and the tube 36, as explained above for the situation where the tube 36 is against the 

plate 125, total internal reflection can still occur at the tube 36/bubble interface. Due to the passage of the light 

5 twice through the tubing wall, and to the fact that the light is reflected off a cylindrical rather than a flat interface, 

an offset occurs between the direct optical path (shown in dashed lines) and the light path from the tube 36/bubble 

interface. Thus, light will be reflected back to the photodetector 129, but this offset in the light path will misalign 

the light from the photodetector 129, so that more light will be detected than without the air bubble being present,

but less light that if the tube 36 is separated from the plate 125.

10 From the above description of Figs. 16, 17 and 18, it can be seen that the occlusion sensing system of

this invention provides a mechanism for detecting a vacuum or high pressure in the tube 36, and for detecting the 

presence of a bubble in the tube 36. In order to utilize this sensing mechanism to measure both upstream and 

downstream occlusions, as well as air bubbles in the medication stream, the electronic synchronizing system shown 

in Fig. 19 is used.

15 A motor 151 rotates the cam of the pump mechanism 153. An encoder 155 is attached to the shaft of the motor 

151 to generate a pulse during each incremental revolution of the motor 151. The output of the encoder 155 is 

accumulated in a phase counter 157 which converts the encoder output into an output corresponding to degrees of 

rotation of the motor 151. A zero phase detector 158 is used to reset the output of the encoder 155 and phase 

counter 157 each time the motor rotates to a zero position, such as the zero angle positions of Figs. 8 and 9. Thus,

20 the output of the phase counter 157, in the preferred embodiment, is a signal, defining motor and cam position, 

calibrated in terms of degrees of rotation referenced to a zero position as shown in these figures.

A look-up table 159 is connected to the output of the phase counter 157, and provides a first output 160 

to a comparator 161 indicative of whether the cam position is appropriate to measure occlusions. As described in 

detail earlier, following the 250 degree cam position and up until the 335 degree position, the tubing is at its 

25 maximum diameter and in communication with the upstream or supply portion of the tubing, permitting upstream 

occlusion sensing. Similarly, following the 335 degree position, and until the 360 degree position, the tubing is at 

its maximum diameter and in communication with the downstream or patient portion of the tubing, permitting 

downstream occlusion sensing. Thus, at a preselected angular position of the cam, such as the 300 degree position, 

an enable signal is sent from the comparator 161. At the same time, a second output 162 from the look up table 

30 159 indicates that an upstream occlusion is to be measured. In response to the second output 160, a reference 

value selector 163 selects from a memory 165 the highest appropriate photodetector output level from the 

photodetector 129 in the absence of an upstream occlusion, i.e., when total internal reflection is not occurring 

throughout the width of the tube 36 and provides this reference value to the comparator 161. If the output from 

the photodetector 129, converted in an A/D converter 167, is above this highest appropriate output level, the

35 comparator 161 issues an alarm, indicating that an upstream occlusion has occurred.
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Similarly, at a preselected angular position of. the 
cam, such as the 345 degree position, an enable signal is 
sent from the comparator 161. At the same time, a second 
output from the look up table 159 indicates that a

5 downstream occlusion is to be measured. In response to
this output, a reference value selector 163 selects from 
a memory 165 the lowest appropriate photodetector output 
level from the photodetector 129 in the absence of a 
downstream occlusion, i.e.,, when light absorption is not

10 occurring throughout the majority of the width of the 
tube 36 and provides this reference value to the 
comparator 161. If the output from the photodetector 129, 
converted in an AID converter 167, is below this lowest 
appropriate output level, the comparator 161 issues an

15 alarm, indicating that a downstream occlusion has 
occurred.

In addition, at this same 345 degree position, 
•another output from the reference value selector 163 
selects from the memory 165 the highest appropriate

20 photodetector output level from the photodetector 129 in 
the absence of an air bubble in the tubing and provides 
it to the-comparator 161, i.e., when total internal 
reflection is not occurring at the inside diameter of the 
tubing. If the output from the photodetector 129

25 converted in the AID convertor 167 is above this highest 
appropriate level, the comparator 161 issues an alarm, 
indicating that a bubble exists within the medication.

Although this invention is described in terms 
of certain preferred embodiments, other embodiments that

30 are apparent to those of ordinary skill in the art are
also within the scope of this invention. Accordingly, the 
scope of the invention is intended to be defined only by 
the claims, which follow.

For the purposes of this specification it is to be
clearly understood that. the word "comprising" means
"including but not limited to", and that-the word
"comprises" has a corresponding meaning.

35
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WE CLAIM:

1. A device for pumping fluid from a fluid source to a 

patient, comprising a fluid delivery conduit disposed

5 between said fluid source and said patient a pump which 

draws fluid from said fluid source, through said delivery 

conduit, and to said patient and a single optical '

occlusion sensor responsive to dimensional changes in said 

fluid delivery conduit and optically sensing occlusions

10 both upstream and downstream from said pump.

2. A device for pumping fluid as defined in claim 1 

wherein said occlusion sensor is cooperative with a single 

location of said fluid delivery conduit.

15

3. A device for pumping fluid as defined in claim 1 

wherein said pump is a peristaltic pump.

4. A device for pumping fluid as defined in claim 1 

20 wherein said occlusion sensor senses pressure in said

fluid delivery conduit.

5. A device for pumping fluid as defined in claim 4 

wherein said occlusion sensor senses upstream occlusions

25 by sensing low pressure within said fluid delivery 

conduit.

6. A. device for pumping fluid as defined in claim 5 

wherein said occlusion sensor senses downstream occlusions

30 by sensing high pressure within said fluid delivery 

conduit.

35

7. A device for pumping fluid as defined in claim I 

wherein said occlusion sensor comprises a plate against 

which said fluid delivery conduit rests a light source for 

illuminating, at an angle, the interface of said plate and 

said fluid delivery conduit and a photodetector for
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sensing the degree of total internal reflection at said 
interface.

8. A device for pumping fluid as defined in claim 7
5 wherein said plate is transparent, and said light source 

illuminates said interface through said plate.

9. A device for pumping fluid as defined in claim 8 -
wherein said pump includes a first pump stage and a second

10 pump stage, and wherein said occlusion sensing device is 
located between said first and second pump stages.

10. A device for pumping fluid from a fluid source to a 
patient, comprising a fluid delivery conduit disposed

15 between said fluid source and said patient, a pump which 
draws fluid from said fluid source, through said delivery 
conduit, end to said patient, and an upstream optical 
occlusion sensor which periodically senses dimensional 
changes of said fluid delivery conduit to optically

20 measure vacuum in said fluid delivery - conduit.

11. A device for pumping fluid as defined in claim 10 
wherein said upstream occlusion sensor measures said 
vacuum by sensing a reduced diameter of said fluid

25 delivery conduit.

12. A device for pumping fluid as defined in claim 10
. wherein said occlusion sensor is mounted downstream from 

at least a portion of said pump.
30 '

13. A device for pumping fluid as defined in claim 10 
wherein said upstream occlusion sensor also measures 
downstream occlusions.

14. A device for pumping fluid as defined in claim 13
wherein said upstream occlusion sensor measures downstream
occlusions by', sensing high pressure in said fluid delivery
condui t. . '
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15. A device for pumping fluid from a fluid source to a 
patient, comprising a fluid delivery conduit disposed 
between said fluid source and said patient, a pump which

5 draws fluid from said fluid source through said fluid 
delivery conduit, said pump pinching the fluid delivery 
conduit closed at least two pinching location, an upstream 
location and a downstream location, and an optical 
occlusion sensor located between said upstream and

10 downstream locations defining a sensor location, said
optical occlusion sensor responsive to a dimension of said 
fluid delivery conduit at said sensor location.

16. A device for pumping fluid as defined in claim 15
15 wherein said pump comprises a peristaltic pump.

17. A device for pumping fluid as defined in claim 16 
wherein said pump comprises a support plate, plural 
actuators positioned against said fluid delivery conduit

20 to selectively squeeze said fluid delivery conduit against 
said support plate; wherein said sensor location is 
between two of said actuators.

18. A device for pumping fluid as defined in claim 17 
25 wherein said actuators are cam followers, said pump

additionally comprising a cam for actuating said cam 
followers .

19. A device for pumping fluid as defined in claim 17 
30 wherein a first pair of said plural actuators are

positioned to alternatively squeeze said fluid delivery 
conduit against said support plate to pump fluid through 
said fluid delivery conduit.

35 20. A device for pumping fluid as defined in claim 19
wherein said sensor location is between said first pair of
plural actuators.
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21. A device for pumping fluid as defined in claim 19 

wherein the operation of said occlusion sensor is 

synchronized with movement of said first pair of plural 

actuators .

5 '

22. A device for pumping fluid as defined in claim 18 

wherein a first pair of said plural actuators are 

positioned to alternately pinch said fluid delivery 

conduit closed against said support plate to thereby act

10 as valves for said pump.

23. A device for pumping fluid as defined in claim 22 

wherein said sensor location is between said first pair of 

plural actuators .

15

24. A device for pumping fluid as defined in claim 23 

wherein the operation of said occlusion sensor is 

synchronized with movement of said first pair of plural 

actuators.

20

25. A device for pumping fluid from a fluid source to a 

patient, comprising a fluid delivery conduit disposed 

between said fluid source and said patient, a pump which 

draws fluid from said fluid source, through said delivery

25 conduit, and to said patient, and means for sensing 

bubbles in said fluid and occlusions in said fluid 

delivery conduit which comprises a single sensor.

26. A device for pumping fluid as defined in claim 25 

30 wherein said single sensor is an optical sensor:

27. A device for pumping fluid as defined- in claim 26 

wherein said optical sensor senses total internal light 

reflection.

35

28. A device for pumping fluid froze a fluid source to a

patient, comprising a fluid delivery conduit disposed

between said fluid source and said patient, a pump which
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draws fluid from said fluid source, through said delivery- 
conduit and to said patient, and a single optical sensor 
which senses total internal light reflection at a first 
location for sensing occlusions in said fluid delivery

5 conduit, and total internal light reflection at a second 
location for sensing bubbles in said fluid.

29. A device for pumping fluid from a fluid source to a 
patient, comprising: a fluid delivery conduit disposed

10 between said fluid source and said patient, a pump which 
draws fluid -from said fluid source, through said delivery 
conduit, and to said patient, and an optical occlusion 
sensor synchronized to operate at two distinct phases of 
operation of- said pump.

15
30. A device for pumping fluid as defined in claim 29
wherein said occlusion sensor measures different . 
occlusions at said two distinct phases of operation of 
said pump. '

20 .
31. An infusion pump for delivering fluid from a fluid 
source to a patient, comprising a fluid delivery conduit 
disposed between said fluid source and said patient, a 
pump which draws fluid from said fluid source, through

25 said delivery conduit, to said patient, and a three state 
optical sensor for measuring three different pump 
conditions by monitoring said fluid delivery conduit 
optically. ,

30 32. An infusion pump as defined in claim 31 wherein said
pump conditions comprise upstream occlusion of said 
conduit, downstream occlusion of said conduit, and a 
bubble within said conduit.

33. An infusion pump as defined in claim 32 wherein said
optical sensor measures said three different pump
conditions by measuring the degree of reflection of light
from the surface of said conduit.



22

34. An infusion pump as defined in claim 31 wherein said 

pump includes a mechanism for squeezing a portion of said 

conduit against a plate,

5

35. An infusion pump, as defined in claim 34 wherein said 

portion of said conduit is suspended in tension adjacent a 

location on said plate, and wherein said optical sensor is 

adjacent said location on said plate.

10

36. An infusion pump as defined in claim 35 Wherein said 

plate is transparent arid wherein said optical sensor is 

positioned on the opposite side of said plate from said 

conduit.

15

37. An infusion pump as defined in claim 36 wherein said 

opposite side of said plate comprises a surface for 

collimating light from said optical detector.

20 38. An infusion pump as defined in claim 39 wherein said

optical sensor measures the degree of light reflection 

from the interface of said conduit and said plate.

39. An infusion pump as defined in claim 38 wherein said

25 optical sensor additionally measures the degree of light 

reflection from the inside surface of said conduit to 

sense the presence of bubbles in said conduit.

40. A device for pumping fluid substantially as herein 

30 described with reference to the accompanying drawings.

41. An infusion pump substantially as herein described 

with reference to the accompanying drawings.

35 Dated this 25th day of June 2001. 

ALARIS MEDICAL SYSTEMS, INC

By their Patent Attorneys

GRIFFITH HACK
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