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controlling operation of the pump. An electromagnetic radiation source Is operatively connected to the control system of the pump
for emitting an electromagnetic radiation signal in a direction for striking the safety interlock device of the feeding set. The safety
Interlock device Is adapted to affect the direction of the electromagnetic radiation. An electromagnetic radiation detector Is
operatively connected to the control system for recelving the electromagnetic radiation signal when the direction is affected by the
safety Iinterlock device, and providing an indication to the control system that the feeding set conduit is properly positioned In the

feeding pump.
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ABSTRACT

A pump set tor use with a pump to deliver a supply of liquid to a patient. The
teeding set has a conduit for the nutrient liquid and a safety interlock device associated
with the conduit. The pumping apparatus has a pumping device and a control system for
controlling operation of the pump. An electromagnetic radiation source is operatively
connected to the control system of the pump for emitting an electromagnetic radiation
signal 1n a direction for striking the safety interlock device of the feeding set. The safety
interlock device is adapted to affect the direction of the electromagnetic radiation. An
electromagnetic radiation detector is operatively connected to the control system for
receiving the electromagnetic radiation signal when the direction is affected by the safety
interlock device, and providing an indication to the control system that the feeding set

condult is properly positioned in the feeding pump.
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PUMP SET WITH SECURE LOADING FEATURES

BACKGROUND

[0001] This invention relates generally to pump sets to deliver fluids to patients by way
of a flow control apparatus, and more particularly to a pump set having a safety interlock device
for determining secure loading of the pump set on the pump.

[0002] Administering fluids containing medicine or nutrition to a patient 1s well known
in the art. Fluids can be delivered to patients by gravity flow, but often are delivered to the
patient by a pump set loaded on a flow control apparatus, such as a peristaltic pump, which
delivers fluid to the patient at a controlled rate of delivery. A peristaltic pump usually
comprises a housing that includes a rotor or the like operatively engaged to at least one motor
through a gearbox. The rotor drives fluid through the tubing of the pump set by the peristaltic
action effected by rotation of the rotor by the motor. The motor is operatively connected to a
rotatable shaft that drives the rotor, which in turn progressively compresses the tubing and
drives the fluid at a controlled rate through the pump set. A controller operates the motor to
drive the rotor. Other types of peristaltic pumps not employing rotors are also known.

[0003] In order for the pump to deliver an accurate amount of fluid corresponding with
the flow parameters programmed into the pump, the administration feeding set must be
correctly loaded on the pump. If the pump set is misaligned in the pump, the pump may deliver
an inaccurate amount of fluid to a patient or the pump generates a low flow alarm requiring the
condition to be examined and the set reloaded. Existing pumps have systems to detect whether

the pump set is properly loaded. An example of such a pump having a detection system 1s

shown in co-assigned U.S. Patent No. 4,913,703, entitled SAFETY INTERLOCK SYSTEM
FOR MEDICAL FLUID PUMPS. This system uses a magnet on the pump set which is detected
by circuitry in the pump. It would be desirable to provide a pump set that can be detected but

which does not require each pump set to have a magnet.

SUMMARY OF INVENTION

[0004] In one aspect of the present invention, there is disclosed a feeding set for use In

an enteral feeding pump having a control system for controlling operation of the enteral feeding
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pump to supply liquid nutrient to a patient through the feeding set loaded 1n the pump, a source
of infrared radiation operatively connected to the control system of the pump for emitting
infrared radiation, an infrared radiation detector operatively connected to the control system for
detecting infrared radiation and providing an indication that the feeding set 1s properly loaded
on the pump, and a visible light detector for detecting visible light and providing an indication
that the feeding set is not properly loaded on the pump. The feeding set generally comprises a
conduit for carrying the liquid nutrient to a patient, and a safety interlock device connected to
the conduit and adapted for mounting on the pump in the path of the infrared radiation from the
source of infrared radiation. The safety interlock device comprises a propagation atfecting
member including an outer member formed of a material that transmits infrared radiation and
blocks visible light and an inner member defining an inner boundary region that substantially
reflects the infrared radiation within the propagation affecting member to change the direction
of propagation. Upon proper loading of the safety interlock device on the pump, the safety
interlock device guides infrared radiation to the infrared radiation detector by internally
reflecting the infrared radiation and prevents visible light from reaching the visible light
detector.

[0004a] In some embodiments, the inner member 1s substantially opaque to
electromagnetic radiation in the visible and infrared ranges.

[0004b] In some embodiments, the inner member 1s white 1n color.

[0004¢] In some embodiments, the inner boundary region is a polished surtace.

[0004d] In some embodiments, the outer member has an opening that receives the

conduit.

[0004¢] In some embodiments, the propagation affecting member is adapted to pass the

liquid nutrient therethrough.

[0004f] In some embodiments, the outer member is adapted to diffuse infrared radiation

within the outer member.

[0004¢] In some embodiments, the safety interlock device includes a key engageable

with the enteral feeding pump to orient the safety interlock device in a predetermined position

when mounted on the pump.

[0004h] In some embodiments, the infrared radiation is twice reflected before being

detected by the first detector.
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[0005] In another aspect of the present invention, there is disclosed a feeding set for use
in an enteral feeding pump having a control system for controlling operation of the enteral
feeding pump to supply liquid nutrient to a patient through the feeding set loaded in the pump, a
source of infrared radiation operatively connected to the control system of the pump for
emitting infrared radiation, an infrared radiation detector operatively connected to the control
system for detecting infrared radiation and providing an indication that the feeding set 1s
properly loaded on the pump, and a visible light detector for detecting visible light and
providing an indication that the feeding set is not properly loaded on the pump. The feeding set
generally comprises conduit means for carrying the liquid nutrient to a patient and interlock
means for locating the feeding set on the pump. The interlock means is connected to the
conduit means and adapted for mounting on the pump in the path of the infrared radiation from
the source of infrared radiation. The interlock means comprises a propagation affecting
member including an outer member formed of a material that transmits infrared radiation and
blocks visible light and ah inner member defining an inner boundary region that substantially
reflects the infrared radiation within the propagation affecting member to change the direction
of propagation. Upon proper loading of the interlock means on the pump, the interlock means
guides infrared radiation to the infrared radiation detector by internally reflecting the infrared
radiation and prevents visible light from reaching the visible light detector.

[0006] In yet another aspect of the present invention, there is disclosed a pump set for
use in a pumping apparatus having a control system for controlling operation of the pumping
apparatus to supply fluid to a patient through the pump set loaded in the pumping apparatus, a

source of electromagnetic radiation operatively connected to the control system of the pumping

apparatus for emitting electromagnetic radiation, a first electromagnetic radiation detector
operatively connected to the control system for detecting electromagnetic radiation generally of
a first wavelength and providing an indication that the pump set is properly loaded on the
pumping apparatus, and a second electromagnetic radiation detector for detecting
electromagnetic radiation generally of a second wavelength different from the first wavelength
and providing an indication that the pump set is not properly loaded on the pumping apparatus.
The pump set generally comprises a conduit for carrying fluid to a patient and a safety interlock
device associated with the conduit and adapted for mounting in the pumping apparatus in the

path of the electromagnetic radiation from the source of electromagnetic radiation. The safety
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interlock device 1s adapted to transmit therethrough electromagnetic radiation of the first
wavelength, and adapted not to transmit the electromagnetic radiation of the second
wavelength. Upon proper loading of the safety interlock device on the pumping apparatus the
safety interlock device guides electromagnetic radiation of the first wavelength to the first
detector and prevents electromagnetic radiation of the second wavelength from reaching the
second detector.

[0006a] In some embodiments, the first wavelength 1s generally in the infrared range of
electromagnetic radiation and the second wavelength is generally in at least one of the visible
range and the ultraviolet range of electromagnetic radiation.

[0006b] In some embodiments, the safety interlock device 1s formed of a material that
filters out visible light and transmits infrared radiation.

[0006¢] In some embodiments, the safety interlock device comprises an outer layer for
filtering out visible light and an inner layer that transmits both visible light and infrared
radiation.

[0006d] In some embodiments, the safety interlock device diffuses electromagnetic
radiation of the first wavelength to guide i1t to the first detector.

[0006¢] In some embodiments, the safety interlock device internally reflects the diffused
electromagnetic radiation to guide 1t to the first detector.

[0006f] In some embodiments, the safety interlock device refracts electromagnetic
radiation of the first wavelength to guide it to the first detector.

[0006¢] In some embodiments, the safety interlock device internally reflects
electromagnetic radiation of the first wavelength along a path to guide it to the first detector.

. [0006h] In some embodiments, the safety interlock device comprises a reflective surface
adapted to reflect the electromagnetic radiation.

[0006i] In some embodiments, the safety interlock device has an angled surface shaped
to reflect radiation of the first wavelength at an angle to impinge the first detector.

[0006j] In some embodiments, the safety interlock device comprises an electromagnetic

radiation propagation affecting member having a top surface, a bottom surface and a side

surface, the top and bottom surfaces being covered with a layer of material opaque to the
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radiation of the first wavelength and the side being free of material opaque to radiation of the
first wavelength.

[0006k] In some embodiments, the pump set is combined with the pumping apparatus.

[0007] In still another aspect of the present invention, there is disclosed a pump set for
use in a pumping apparatus having a control system for controlling operation of the pumping
apparatus to supply fluid to a patient through the pump set loaded in the pumping apparatus, a
source of electromagnetic radiation operatively connected to the control system of the pumping
apparatus for emitting electromagnetic radiation, a first electromagnetic radiation detector
operatively connected to the control system for providing an indication that the pump set is
properly loaded on the pumping apparatus, and a second electromagnetic radiation detector for
detecting electromagnetic radiation. The pump generally comprises a conduit for carrying fluid
to a patient and a safety interlock device associated with the conduit and adapted for mounting
in the pumping apparatus in the path of the electromagnetic radiation from the source of
clectromagnetic radiation. The safety interlock device 1s transmissive to the electromagnetic
radiation that can be detected by the first detector. At least a portion of the safety interlock
device comprises a material opaque to the transmission of electromagnetic radiation that can be
detected by the second detector, so that upon proper loading of the safety interlock device on
the pumping apparatus the safety interlock device guides the electromagnetic radiation to the
first detector and prevents the electromagnetic radiation that can be detected by the second
detector from reaching the second detector.

[0007a] In some embodiments, the safety interlock device comprises an electromagnetic

radiation propagation affecting member including a blocking portion adapted to block emissions

of electromagnetic radiation from the electromagnetic radiation propagation affecting member

at a selected location of the member.

[0007b] In some embodiments, the safety interlock device is adapted for keyed
engagement with the pumping apparatus for positioning the safety interlock device in a

predetermined orientation on the pumping apparatus.

[0007¢] In some embodiments, the safety interlock device comprises an electromagnetic

radiation propagation affecting member including a material that diffuses electromagnetic

4a
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radiation received from the source of electromagnetic radiation for guiding the electromagnetic
radiation to the first detector.

[0007d] In some embodiments, the safety interlock device comprises an electromagnetic
radiation propagation affecting member adapted to refract the electromagnetic radiation trom
the source of electromagnetic radiation to the first detector.

[0007¢] In some embodiments, the safety interlock device comprises an electromagnetic
radiation propagation affecting member including a reflector to reflect the electromagnetic
radiation to the first detector.

[0007f] In some embodiments, the safety interlock device comprises an electromagnetic
radiation propagation affecting member including a light pipe for the passage of the
electromagnetic radiation to the first detector.

[0007¢] In some embodiments, the safety interlock device comprises an electromagnetic
radiation propagation affecting member including a material that is opaque to visible light and
allows transmission of infrared radiation therethrough.

[0007h] In some embodiments, the safety interlock device comprises an electromagnetic
radiation propagation affecting member having at least one hole therein sized and positioned to
diffract electromagnetic radiation from the source of electromagnetic radiation.

[0008] In a further aspect of the present invention, there is disclosed a pump set for use
in a pumping apparatus having a control system for controlling operation of the pumping
apparatus to supply fluid to a patient through the pump set loaded 1n the pumping apparatus, a
source of electromagnetic radiation operatively connected to the control system of the pumping

apparatus for emitting electromagnetic radiation, an electromagnetic radiation detector

operatively connected to the control system for providing an indication that the pump set is
properly loaded on the pumping apparatus. The pump set generally comprises a conduit for
carrying fluid to a patient and an electromagnetic radiation propagation affecting member
associated with the conduit and adapted for mounting in the pumping apparatus in the path of

the electromagnetic radiation from the source of electromagnetic radiation. The propagation
affecting member comprises an outer member formed of a material that 1s transmissive to

electromagnetic radiation and an inner boundary region that substantially retlects the

electromagnetic radiation.

4b
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[0008a] In some embodiments, the inner boundary region extends substantially around a
longitudinal axis of the conduit.

[0008b] In some embodiments, the inner boundary region is defined by an inner
member.

[0008¢] In some embodiments, the inner member and the outer member are formed of
different maternials.

[0008d] In some embodiments, the inner member is substantially opaque to
electromagnetic radiation in the visible and infrared ranges.

[0008¢] In some embodiments, the inner member 1s white 1n color.

[0008f] In some embodiments, the inner boundary region 1s a polished surface.

[0008¢] In some embodiments, the outer member has an opening that receives the

conduit.

[0008h] In some embodiments, the propagation affecting member is adapted to pass
fluid therethrough.

[0009] In still a further aspect of the present invention, a pump set generally comprises a
conduit for carrying fluid to a patient, and an electromagnetic radiation propagation affecting
member associated with the conduit and adapted for mounting in the pumping apparatus 1n the
path of the electromagnetic radiation from the source of electromagnetic radiation. The
propagation affecting member comprises an outer member formed of a material that 1s
transmissive to electromagnetic radiation and an inner boundary region that substantially

reflects the electromagnetic radiation.

[0009a] In still a further aspect of the present invention, there 1s disclosed a feeding set
for use 1n an enteral feeding pump having a control system for controlling operation of the
enteral feeding pump to supply liquid nutrient to a patient through the feeding set loaded 1n the
pump, a source of infrared radiation operatively connected to the control system of the pump for
emitting infrared radiation, an infrared radiation detector operatively connected to the control
system for detecting infrared radiation and providing an indication that the feeding set 1s
properly loaded on the pump, and a visible light detector for detecting visible light and
providing an indication that the feeding set is not properly loaded on the pump, the feeding set

comprising: a conduit for carrying the liquid nutrient to a patient; a safety interlock device

4¢
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connected to the conduit and adapted for mounting on the pump in the path of the infrared
radiation from the source of infrared radiation, and a second source, the second source being a
visible light emitter, the safety interlock device comprising a propagation affecting member that
transmits infrared radiation and blocks visible light and the member substantially reflects the
infrared radiation within the propagation affecting member to change the direction of
propagation, wherein upon proper loading of the safety interlock device on the pump the safety
interlock device guides infrared radiation to the first detector and prevents visible light from
reaching the second detector.

[0009b] In some embodiments, the feeding set further comprises an inner member that
1s substantially opaque to electromagnetic radiation in the visible and infrared ranges.

[0009¢] In some embodiments, the inner member 1s white 1n color.

[0009d] In some embodiments, the safety interlock device has an opening that receives

the conduit.

[0009¢] In some embodiments, the propagation atfecting member 1s adapted to pass the
liquid nutrient therethrough.

[00091] In some embodiments, the safety interlock device includes a key engageable
with the enteral teeding pump to orient the safety interlock device in a predetermined position

when mounted on the pump.

[0009¢g] In some embodiments, the safety interlock device comprises an outer layer for
filtering out visible light and an inner layer that transmits both visible light and infrared
radiation.

[0009h] In some embodiments, the safety interlock device diffuses infrared radiation to

guide 1t to the first detector.

[00091] In some embodiments, the safety interlock device internally reflects the diffused

infrared radiation to guide 1t to the first detector.

[0009;] In some embodiments, the safety interlock device refracts infrared radiation to

gulde 1t to the first detector.

[0009K] In some embodiments, the safety interlock device internally reflects infrared

radiation along a path to guide it to the first detector.

4d
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[0009]1] In some embodiments, the safety interlock device comprises a reflective surface
adapted to reflect the infrared radiation.

[0009m] In some embodiments, the safety interlock device has an angled surtace shaped
to reflect infrared radiation at an angle to impinge the first detector.

[0009n] In some embodiments, the propagation affecting member comprises an
electromagnetic radiation propagation affecting member having a top surface, a bottom surface
and a side surface, the top and bottom surfaces being covered with a layer of material opaque to
the infrared radiation and the side surface being free of material opaque to infrared radiation.

[00090] In some embodiments, the feeding set 1s combined with the pump.

[0009p] In some embodiments, at least a portion of the safety interlock device 1s opaque
to the infrared radiation from the source of electromagnetic radiation, the opaque portion having
at least one hole therethrough for diffracting the infrared radiation from the source so that the
infrared radiation impinges both the first and second detector.

[0009q] In some embodiments, the electromagnetic radiation propagation affecting
member is associated with the conduit and is adapted for mounting in the pumping apparatus 1n
the path of the electromagnetic radiation from the source of electromagnetic radiation, the
propagation affecting member comprising an outer member formed of a material that 1s
transmissive to electromagnetic radiation and an inner boundary region that substantially
reflects the electromagnetic radiation.

[0009r] In another aspect of the present invention, there is disclosed an enteral feeding
pump for use with a feeding set having a conduit to deliver a supply of liquid nutrient to a
patient and a safety interlock device associated with the conduit. The enteral feeding pump
generally comprises a pumping device operable to act on the feeding set to drive flow of the
fluid in the feeding set, and a control system is capable of controlling operation of the pumping
device. The enteral feeding pump further comprises a source of infrared radiation operatively
connected to the control system of the pump, the control system being configured to
intermittently energize the source of infrared radiation to emit infrared radiation in a direction
for striking the safety interlock device of the feeding set when mounted on the pump. The
propagation of infrared radiation is capable of being affected by the safety interlock device.

The enteral feeding pump further comprises a first detector mounted on the pump 1n an alcove

4e
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formed by the pump to shield the first detector from ambient electromagnetic radiation, located
relative to the source of infrared radiation so that infrared radiation emitted from the first source
will not impinge upon the first detector unless propagation of the infrared radiation emitted
from the source is affected by the safety interlock device. The first detector is operatively
connected to the control system and arranged for receiving the infrared radiation when its
propagation from the source of infrared radiation is affected by the safety interlock device, the
first detector providing an indication to the control system that the pump set conduit is properly
positioned in the pump. The enteral feeding pump further comprises a source of visible light
operatively connected to the control system of the pump, the control system being configured to
intermittently energize the source of visible light for emitting visible light in a direction for
striking the satety interlock device of the feeding set, the visible light being capable of being
filtered out by the safety interlock device. The enteral feeding set further comprises a second,
visible light detector mounted on the pump 1n an alcove formed by the pump to shield the
second detector from ambient electromagnetic radiation, the second detector being operatively
connected to the control system and arranged for receiving visible light from the source of
visible light when the visible light 1s not filtered out for use in verifying detection of the feeding

set by the first detector.

[0009s] In some embodiments, the pump has a key formation permitting the safety

interlock device to be mounted on the pump only 1n a predetermined orientation.

[0009t] In some embodiments, the control system 1s configured to energize the source of

visible light only after the first detector has detected infrared radiation from the source of

infrared radiation.

[0009u] In some embodiments, the control system 1s configured to operate the pumping
device for pumping nutritional liquid to the patient when infrared radiation 1s detected by the

first detector and no visible light 1s detected by the second detector.

[0009v] In yet another aspect of the present invention, there 1s disclosed an enteral
feeding pump for use with a feeding set having a conduit to deliver a supply of liquid nutrient to
a patient and a safety interlock device associated with the conduit. The enteral feeding pump
generally comprises pumping means operable to act on the feeding set for driving tlow of the

fluid in the feeding set, control means for controlling operation of the pumping means, and first

41
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source means for emitting infrared radiation, the first source means being operatively connected
to the control means of the pump. The control means is configured to intermittently energize
the first source means to emit infrared radiation in a direction for striking the safety interlock
device of the feeding set when mounted on the pump, the propagation of infrared radiation
being capable of being affected by the safety interlock device. The enteral feeding pump
turther comprises first detector means for detecting infrared radiation from the first source
means, the first detector means being mounted on the pump in an alcove formed by the pump to
shield the first detector means from ambient electromagnetic radiation. The first detector means
1s located relative to the first source means so that infrared radiation emitted from the first
source means will not impinge upon the first detector means unless propagation of the infrared
radiation emitted from the first source means 1s affected by the safety interlock device. The first
detector means 1s operatively connected to the control means and arranged for receiving the
infrared radiation when its propagation from the first source means is affected by the safety
interlock device. The first detector means provides an indication to the control means that the
pump set conduit 1s properly positioned in the pump. The enteral feeding pump further
comprises second source means for emitting visible light, the second source means being
operatively connected to the control means of the pump, the control means being configured to
energize the second source means for emitting visible light in a direction for striking the safety
interlock device of the feeding set. The visible light 1s capable of being filtered out by the
safety interlock device. The enteral feeding pump further comprises second detector means for
detecting visible light from the second source means, the second detector means being mounted

on the pump 1n an alcove formed by the pump to shield the second detector means from ambient
electromagnetic radiation. The second detector means 1s operatively connected to the control

means and arranged for receiving visible light from the second source means when the visible
light 1s not filtered out for use in verifying detection of the feeding set by the first detector

IMcCaArlls.

[0009w] In yet another aspect of the present invention, there 1s disclosed a pumping
apparatus for use with a pump set having a conduit to deliver a supply of fluid to a patient and a
safety interlock device associated with the conduit. The pumping apparatus generally

comprises a pumping device operable to act on the pump set to drive flow of the fluid 1n the

4g
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pump set, a control system for controlling operation of the pumping device, and a source of
electromagnetic radiation operatively connected to the control system of the pumping apparatus
for emitting electromagnetic radiation in a direction for striking the safety interlock device of
the pump set. The electromagnetic radiation is of a wavelength selected so that the safety
interlock device can affect the propagation of the electromagnetic radiation. The pumping
apparatus further comprises a first electromagnetic radiation detector operatively connected to
the control system and arranged for receiving the electromagnetic radiation when its
propagation from the source of electromagnetic radiation is affected by the safety interlock
device. The first electromagnetic radiation detector provides an indication to the control system
that the pump set conduit 1s properly positioned in the pumping apparatus. The pumping
apparatus further comprises a second electromagnetic radiation detector operatively connected
to the control system and arranged for receiving electromagnetic radiation when the
electromagnetic radiation propagation 1s not atfected by the safety interlock device to be
prevented from reaching the second detector for use in verifying detection of the pump set
conduit by the first detector.

[0009x] In some embodiments, the source of electromagnetic radiation 1s adapted to
emit electromagnetic radiation generally of a first wavelength, the first detector being
configured to detect electromagnetic radiation of a wavelength emitted by the source of
electromagnetic radiation and the second detector being configured not to detect
electromagnetic radiation of the first wavelength.

[0009y] In some embodiments, the electromagnetic radiation emitted by the source of

electromagnetic radiation 1s infrared.

[0009z] In some embodiments, the second detector 1s configured to detect
electromagnetic radiation in at least one of the visible range and the ultraviolet range.

[0009aa] In some embodiments, the source of electromagnetic radiation constitutes a
first source, the apparatus further comprising a second source of electromagnetic radiation of a

second wavelength different from the first wavelength, the second detector being contigured to

detect the electromagnetic radiation of the second wavelength and the first detector being

configured not to detect electromagnetic radiation of the second wavelength.

4h
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[0009ab] In some embodiments, the first and second detectors are arranged on the
pumping apparatus so that the safety interlock device properly positioned on the pumping
apparatus blocks the second detector from receiving electromagnetic radiation of the second
wavelength from the second source and guides electromagnetic radiation of the first wavelength
from the first source to the first detector.

[0009ac] In some embodiments, the control system operates at least one of the first and
second sources of electromagnetic radiation to emit electromagnetic radiation intermittently.

[0009ad] In some <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>