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MAGNETIC PRESSURE SENSING SYSTEM FOR AN INFUSION PUMP

FIELD OF THE INVENTION

[0001] The present invention relates generally to infusion pumps for controlled
delivery of liquid food and medications to patients. More specifically, the present
invention relates to a magnetic system for measuring fluid pressure within tubing of

an administration set connected to an infusion pump.

BACKGROUND OF THE INVENTION

[0002] Programmable infusion pumps are used to carry out controlled delivery of
liquid food for enteral feeding and medications for various purposes, for example pain
management. In a common arrangement, an infusion pump receives a disposable
administration set comprising a cassette removably received by the pump and flexible
tubing connected to the cassette for providing a fluid delivery path through the pump.
[0003] The administration set may include a pumping segment of tubing that
wraps around a rotor mechanism of the pump, and the cassette may include a pair of
tubing connectors to which opposite ends of the tubing segment are connected. The
rotor mechanism may have pinch rollers or fingers that deform the tubing segment as
the rotor rotates to progressively urge fluid through the tubing in a peristaltic manner.
The cassette may have another pair of tubing connectors for connecting inflow tubing
carrying fluid from a fluid source and outflow tubing leading to a patient. As a result,
a flow path is provided from the inflow tubing, through the tubing segment, to the
outflow tubing.

[0004] Infusion pumps of the type described above may include one or more
pressure sensors arranged to measure fluid pressure within the tubing of the
administration set. Pressure sensing is an important safety feature because an
unexpected variation in fluid pressure may indicate an unsafe condition, such as an
occlusion within the tubing that is blocking delivery of food or medication to the
patient. In a common arrangement, a pump may have an upstream pressure sensor

situated upstream from the pumping mechanism (e.g. the peristaltic rotor) and a
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downstream pressure sensor situated downstream from the pumping mechanism. If
an occlusion occurs at a location upstream from the pressure sensor, a vacuum
condition is created and causes contraction of the tubing at the sensor location.
Conversely, if an occlusion occurs at a location downstream from the pressure sensor,
fluid pressure builds and causes expansion of the tubing at the sensor location.
Various types of pressure sensors are known for measuring pressure by detecting
contraction and expansion of the tubing using a variety of transducer technologies,
including optical, magnetic, ultrasonic, and load cell transducers.

[0005] With specific regard to magnetic pressure sensors, it is known to provide a
magnet arranged to move in response to contraction and expansion of the tubing, and
a corresponding Hall effect sensor arranged to generate an output voltage signal
proportional to the strength of the magnetic field of the magnet. As the magnet moves
closer to the Hall effect sensor, the voltage signal increases, and as the magnet moves
away from the Hall effect sensor, the voltage signal decreases. Magnetic pressure
sensors of the type described above are economical to manufacture and incorporate
into an infusion pump. However, such magnetic sensors are susceptible to inaccuracy
when the pump is in close proximity to an ambient magnetic field unrelated to the
intended magnetic field of the pressure sensor magnet. For example, if the infusion
pump is discretely carried in the user’s backpack or purse, it may come into close
proximity with a magnetic toy or magnetic purse latch. There is also the possibility
that the pump will be used near an ambient magnetic field source in a hospital or
home environment. Inaccurate measurements may lead to false occlusion alarms that
are disruptive to the patient’s infusion protocol and medical staff. Inaccurate pressure
measurements may also result in a missed occlusion alarm when an occlusion is
actually present, a situation that may have serious safety consequences for the patient.
[0006] What is needed is a magnetic pressure sensor system for an infusion pump
that accounts for the possibility of an unintended ambient magnetic field that may

influence pressure measurements.
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SUMMARY OF THE INVENTION

[0007] An infusion pump operable to pump fluid through tubing connected to the
infusion pump and having one or more magnetic pressure sensors for detecting tubing
occlusions is provided with at least one secondary Hall effect sensor arranged to
detect an ambient magnetic field influencing pressure measurements so that corrective
action may be taken to mitigate the effects of the ambient magnetic field.

[0008] The invention may be embodied by an infusion pump comprising at least
one pressure sensor for measuring fluid pressure within the tubing, wherein the
pressure sensor includes a magnet arranged to move in response to radial contraction
and expansion of the tubing and a corresponding primary Hall effect sensor measuring
magnetic field strength, and further comprising at least one secondary Hall effect
sensor arranged to detect an ambient magnetic field in the vicinity of the infusion
pump capable of being detected by the primary Hall effect sensor.

[0009] In a specific embodiment, an infusion pump having an upstream magnetic
pressure sensor and a downstream magnetic pressure sensor is provided with a pair of
corresponding secondary Hall effect sensors located near the upstream and

downstream pressure sensors, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The nature and mode of operation of the present invention will now be
more fully described in the following detailed description of the invention taken with
the accompanying drawing figures, in which:

[0011] Fig. 1 is a perspective view of an infusion pump formed in accordance
with an embodiment of the present invention, wherein an administration set is shown
installed in the pump;

[0012] Fig. 2 is a cross-sectioned perspective view of the infusion pump shown in
Fig. 1, wherein a door of the pump is omitted and the cross-sectional plane extends
transversely across upstream and downstream pressure sensors of the pump;

[0013] Fig. 3 is an enlarged cross-sectioned perspective view of the upstream and
downstream pressure sensors of the pump and a printed circuit board associated

therewith;
-3-
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[0014] Fig. 4 is a detailed cross-sectional view through a downstream pressure
sensor of the pump, wherein the cross-sectional plane extends longitudinally through
the downstream pressure sensor;

[0015] Fig. 5 is a schematic block diagram showing electronic circuitry associated
with a pressure sensing system of the infusion pump shown in Figs. 1 and 2; and
[0016] Fig. 6 is a flow diagram illustrating a method according to another

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Fig. 1 shows an infusion pump 10 having a door 11 connected to pump 10
by a hinge 13 on one side of the door and a releasable latch 15 on the other side of the
door. An administration set 12 is removably received in pump 10. Administration set
12 includes a cassette 14 having an inflow connector 16, an upstream pumping
segment connector 18 in flow communication with inflow connector 16, a
downstream pumping segment connector 20, and an outflow connector 22 in flow
communication with downstream pumping segment connector 20. Administration set
12 may further include inflow tubing 24 having one end mated to inflow connector 16
and an opposite end (not shown) connected to a fluid source, and outflow tubing 26
having one end connected to outflow connector 22 and an opposite end (not shown)
connected to a patient. Finally, administration set 14 may further include a pumping
segment of tubing 28 having one end mated to upstream pumping segment connector
18 and an opposite end mated to downstream pumping segment connector 20.

[0018] In the illustrated embodiment, pump 10 is a rotary peristaltic pump having
a motor-driven rotor 30 acting as a pumping mechanism, wherein pumping segment
28 is wrapped around rotor 30 and is engaged by angularly spaced rollers on rotor 30
as the rotor rotates to provide peristaltic pumping action forcing liquid through the
tubing of administration set 12. As may be understood by reference to Fig. 1, when
rotor 30 rotates in a counter-clockwise direction, liquid is moved from inflow tubing
24 through inflow connector 16 and upstream pumping segment connector 18 to
pumping segment 28, and then from pumping segment 28 through downstream

pumping segment connector 20 and outflow connector 22 to outflow tubing 26.
-4-
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Although the present invention is described in the context of a rotary peristaltic pump
having a rotor pumping mechanism, the invention is not limited to this type of
infusion pump.

[0019] As best seen in Figs. 2-4, infusion pump 10 comprises an upstream
pressure sensor 32 and a downstream pressure sensor 34. Upstream pressure sensor
32 is arranged upstream from the pumping mechanism (e.g. rotor 30) for measuring
fluid pressure within the pumping segment of tubing 28 at a location between
upstream pumping segment connector 18 and rotor 30. Downstream pressure sensor
34 is arranged downstream from the rotor 30 for measuring fluid pressure within the
tubing segment 28 at a location between rotor 30 and downstream pumping segment
connector 20. Pressure sensors 32 and 34 are magnetic pressure sensors and may
have a similar construction illustrated in detail in Figs. 3 and 4. Each pressure sensor
32, 34 may include a permanent magnet 36 having an intended magnetic field and a
primary Hall effect sensor 38, wherein the magnet 36 is arranged to move relative to
the primary Hall effect sensor 38 in response to radial contraction and expansion of
tubing segment 28. For example, magnet 36 may be spring-biased to maintain
responsive connection with an outer wall surface of tubing segment 28 such that as
tubing segment 28 radially contracts, magnet 36 moves upward in Figs. 3 and 4 away
from primary Hall effect sensor 38, and as tubing segment 28 radially expands,
magnet 36 moves downward in Figs. 3 and 4 toward primary Hall effect sensor 38.
As seen in Fig. 4, magnet 36 may be supported by a cantilevered spring member 40 to
provide the mentioned biasing. Those skilled in the art will recognize that other
configurations for biasing magnet 36 may be used, for example a coil spring and
plunger configuration, without straying from the present invention.

[0020] As may be understood, primary Hall effect sensor 38 generates an output
voltage signal proportional to the magnetic field strength it detects. When there are
no ambient magnetic fields present and detectable by primary Hall effect sensor 38,
such that primary Hall effect sensor 38 only detects the intended magnetic field
associated with magnet 36, the primary output signal generated by primary Hall effect

sensor 38 represents fluid pressure in tubing segment 28.

-5-



10

15

20

25

30

WO 2017/018974 PCT/US2015/041873

[0021] In accordance with the present invention, infusion pump 10 may comprise
a secondary Hall effect sensor 42 associated with upstream pressure sensor 32 and
another secondary Hall effect sensor 44 associated with downstream pressure sensor
34. Secondary Hall effect sensor 42 is arranged near primary Hall effect sensor 38 of
upstream pressure sensor 32 to detect ambient magnetic fields in the vicinity of the
infusion pump 10 capable of being detected by such primary Hall effect sensor 38.
Secondary Hall effect sensor 42 generates a secondary output voltage signal
proportional to magnetic field strength that it detects. Secondary Hall effect sensor 42
has a nominal output signal value that corresponds to pressure equilibrium between
the interior and exterior of tubing segment 28 and is caused solely by the sensor’s
detection of the intended magnetic field of magnet 36 (i.e. no ambient magnetic fields
are detected). The output signal generated by secondary Hall effect sensor 42 may
also have a known fluctuation range about the nominal value corresponding to travel
limits of magnet 36 in the absence of ambient magnetic fields. The nominal output
signal value and fluctuation range may be determined during calibration of infusion
pump 10 and stored in memory. Similarly, a nominal output signal value and
fluctuation range may also be determined for the primary Hall effect sensor 38.
Based on the calibration information, an expected behavior of the secondary output
signal in the absence of ambient magnetic fields may be determined and stored in the
pump memory as a reference. Thus, by comparing a sampled value of the secondary
output signal from Hall effect sensor 42 to its expected value, the presence of an
ambient magnetic field influencing the primary output signal of Hall effect sensor 38
in upstream pressure sensor 32 may be detected. In similar fashion, the other
secondary Hall effect sensor 44 associated with downstream pressure sensor 34
provides an output signal that serves as a basis for determining the presence of an
ambient magnetic field influencing the primary output signal of Hall effect sensor 38
in downstream pressure sensor 34.

[0022] In an embodiment of the invention, the two primary Hall effect sensors 38,
38 and the two secondary Hall effect sensors 42, 44 may be arranged on the same
printed circuit board 50. Fig. 3 illustrates a possible locational arrangement of the

various Hall effect sensors. As may be seen, upstream pressure sensor 32 is on the
-6 -
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side of pump 10 near door hinge 13, and the associated primary Hall effect sensor 38
is mounted on a top side of PCB 50 directly under magnet 36 of upstream pressure
sensor 32. The corresponding secondary Hall effect sensor 42 may be mounted on
PCB 50 closer to hinge 13 for detecting ambient fields originating outside the pump
housing. As shown in the illustrated embodiment, secondary Hall effect sensor 42
may be mounted on a bottom side of PCB 50 adjacent a side edge of the PCB closest
to hinge 13. Downstream pressure sensor 34 is on the opposite side of pump 10 near
door latch 15. Thus, a mirror image mounting arrangement of primary Hall effect
sensor 38 of downstream pressure sensor 34 and corresponding secondary Hall effect
sensor 44 on PCB 50 may be used as shown in Fig. 3.

[0023] Fig. 5 is a schematic block diagram showing electronic circuitry associated
with a pressure sensing system embodying the present invention. Signal processing
electronics 60 may include analog-to-digital conversion circuitry for converting the
analog voltage signals generated by primary Hall effect sensors 38, 38 and secondary
Hall effect sensors 42, 44 into digital form. Signal processing electronics 60 may
further include a programmed microprocessor executing stored instructions causing
the microprocessor to compare the digitized output signals from secondary Hall effect
sensors 42, 44 to expected signal values stored in memory 62 during pump
calibration, and to take one or more corrective actions based on whether the
comparison indicates the presence of an ambient magnetic field. In this regard,
reference is made to Fig. 6 for a general illustration of programming logic that may be
executed by signal processing electronics 60. In step 70, the secondary output signals
from secondary Hall effect sensors 42 and 44 are sampled. In step 72, the sampled
secondary signal values are compared to expected signal values. Decision block 74
branches flow based on whether a deviation of the sampled signal value to the
expected signal value indicates an ambient magnetic field is present. If not, flow
returns to step 70. If an ambient magnetic field is found in decision block 74, flow
proceeds to step 76, whereby one or more corrective actions are taken. The corrective
actions may be programmed steps executed by signal processing electronics 60, or

steps taken by a pump operator.
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[0024] One possible corrective action is to adjust a calculation of the fluid
pressure based on the secondary output signal. For example, if secondary Hall effect
sensor 44 associated with downstream pressure sensor 34 detects an ambient magnetic
field, the primary output signal generated by corresponding primary Hall effect sensor
38 of downstream pressure sensor 34 may be adjusted to compensate for the detected
ambient magnetic field. In other words, the primary output signal may be adjusted to
a corrected value that solely reflects the contribution of magnet 36 and eliminates
influence from the ambient magnetic field. In this way, the pressure correlated to the
primary output signal will accurately reflect the fluid pressure in tubing segment 28
that is being measured.

[0025] Another possible corrective action is to trigger an ambient field alarm 64
to indicate presence of the ambient magnetic field to a pump operator. The pump
operator may then take further corrective action by removing the infusion pump from
the ambient magnetic field by determining the source of the ambient magnetic field
and either moving the pump away from the source or moving the source away from
the pump.

[0026] Since pump 10 already includes an occlusion alarm 66 triggered when
either pressure sensor 32, 34 detects an occlusion, the same alarm 66 may be triggered
when an ambient magnetic field is detected, but in a different manner communicating
to the operator that an ambient magnetic field is present rather than an occlusion.
[0027] While the invention has been described in connection with exemplary
embodiments, the detailed description is not intended to limit the scope of the
invention to the particular forms set forth. The invention is intended to cover such
alternatives, modifications and equivalents of the described embodiment as may be

included within the scope of the invention.
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WHAT IS CLAIMED IS:

An infusion pump operable to pump fluid through tubing connected to the
infusion pump, wherein the infusion pump comprises:

at least one pressure sensor for measuring fluid pressure within the
tubing, wherein the pressure sensor includes a magnet having an intended
magnetic field and a primary Hall effect sensor, wherein the magnet is
arranged to move relative to the primary Hall effect sensor in response to
radial contraction and expansion of the tubing and the primary Hall effect
sensor generates a primary output signal proportional to magnetic field
strength detected thereby, the primary output signal representing fluid pressure
in the tubing when the primary Hall effect sensor solely detects the intended
magnetic field; and

at least one secondary Hall effect sensor arranged to detect an ambient
magnetic field in the vicinity of the infusion pump capable of being detected
by the primary Hall effect sensor, wherein the secondary Hall effect sensor
generates a secondary output signal proportional to magnetic field strength
detected thereby;

whereby presence of the ambient magnetic field is determined based

on the secondary output signal.

The infusion pump according to claim 1, further comprising a pumping
mechanism for engaging the tubing to cause fluid flow in a flow direction
through the tubing, wherein the at least one pressure sensor comprises an
upstream pressure sensor located upstream from the pumping mechanism and
a downstream pressure sensor located downstream from the pumping

mechanism.

The infusion pump according to claim 2, wherein the at least one secondary
Hall effect sensor comprises an upstream secondary Hall effect sensor
associated with the upstream pressure sensor and a downstream secondary

Hall effect sensor associated with the downstream pressure sensor.
-9.
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The infusion pump according to claim 3, further comprising a printed circuit
board, wherein the primary Hall effect sensor of the upstream pressure sensor,
the primary Hall effect sensor of the downstream pressure sensor, the
upstream secondary Hall effect sensor, and the downstream secondary Hall

effect sensor are mounted on the printed circuit board.

The infusion pump according to claim 4, wherein the printed circuit board has
first and second opposite sides, the primary Hall effect sensor of the upstream
pressure sensor and the primary Hall effect sensor of the downstream pressure
sensor are mounted on the first side of the printed circuit board, and the
upstream secondary Hall effect sensor and the downstream secondary Hall

effect sensor are mounted on the second side of the printed circuit board.

A method of improving safety in an infusion pump having a pressure sensor
for measuring fluid pressure within the tubing, wherein the pressure sensor
includes a magnet having an intended magnetic field and a primary Hall effect
sensor, wherein the magnet is arranged to move relative to the primary Hall
effect sensor in response to radial contraction and expansion of the tubing and
the primary Hall effect sensor generates a primary output signal proportional
to magnetic field strength detected thereby, the primary output signal
representing fluid pressure in the tubing when the primary Hall effect sensor
solely detects the intended magnetic field, the method comprising the steps of:

A) providing a secondary Hall effect sensor to detect ambient
magnetic fields capable of being detected by the primary Hall effect sensor,
wherein the secondary Hall effect sensor generates a secondary output signal
proportional to magnetic field strength detected therebys;

B) evaluating the secondary output signal to determine whether or
not the primary output signal is influenced by an ambient magnetic field; and

O taking a corrective action in response to the determination.

-10 -
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7. The method according to claim 6, wherein the corrective action includes
adjusting a calculation of the fluid pressure based on the secondary output

signal.

8. The method according to claim 6, wherein the corrective action includes

triggering an alarm to indicate presence of the ambient magnetic field.

9. The method according to claim 6, wherein the corrective action includes

removing the infusion pump from the ambient magnetic field.

-11 -
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