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S PRESSURE SENSOR SEAL AND METHOD OF USE

Field of the Invention
The present invention relates to an apparatus and method for detecting
occlusions during delivery of a solution to a patient. More particularly, the present

10  1nvention relates to a sensor having a flexible, waterproof barrier that may be used 1n
connection with an infusion or feeding pump to prevent damage to the pump 1n the
event of a fluid leak or spill.

Background
Treating a patient often requires administering to the patient certain tluids,

15  medication or other nutrients 1n solution form. The physical condition of a patient
may require enteral feeding of a nutrient solution into a patient’s stomach or bowel.
Likewise, a patient may require parenteral or intravenous infusion of medication,
hydration and/or nutrients.

In enteral feeding it 1s important to provide the solution, which can be

20  somewhat viscous, within a desired pressure range to ensure the solution 1s delivered,
but at a pressure which 1s not uncomftortable to the patient or which could damage
tissue surrounding the outlet of the feeding set. While controlling pressure 1s a
concern, medical personnel must also be concerned about possible occlusion of the
feeding set which prevents delivery of the teeding solution. This can be caused by a

25  blockage within the feeding tube as may be caused by materials 1n the feeding
solution, or externally by the feeding set being crimped or otherwise obstructed by the
patient or some other cause.

Likewise 1n parenteral and IV administration, 1t 1s important to deliver the
solution accurately to the patient as the patient may require the medication, fluids or

30  nutrition 1n the infused solution 1n order to survive. As with enteral feeding, the
infusion of solutions parenterally should be done at a pressure low enough to avoid
discomfort or damage to the veins, while at sufficient pressure to assure delivery of

the solution. Likewise, 1t 1s also important to ensure that tlow of the solution has not
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been occluded, as this may prevent the patient from receiving necessary hydration and
medication for treating various conditions.

One method of delivering medications and other solutions 1s by using a
feeding or infusion pump. (For ease of reference, both enteral feeding sets, parenteral
feeding sets and 1V 1nfusion sets, and their associated pumps, are reterred to herein as
infusion pumps and infusion sets. Any use of “infusion pumps™ and “infusion sets”
shall be deemed to incorporate enteral, parenteral, and 1V applications unless
specitically noted to the contrary).

Infusion pumps are designed to deliver controlled doses to the patient, thus
allowing medical personnel to monitor and control the amount of nutrition, hydration
and/or medication which the patient 1s receiving. However, use of an infusion pump
introduces risk that flow ot a solution through the tubing may become 1mpeded,
resulting 1n the patient not receiving needed tluids and medications. For example, a
patient may unintentionally roll onto the tubing thereby kinking or compressing the
tubing and stopping or reducing the tflow. Likewise a blood clot or other debris may
block the tlow of solution through the tubing.

To overcome these types of problems standard safety features on modern
infusion sets 1include sensors to detect changes in flow of a solution through the tubing
and to warn medical personnel when flow through the tubing 1s impeded. Some
sensors on modern 1nfusion sets detect occlusions by measuring a force exerted within
the tubing of the infusion set. For example, 1t an occlusion occurs downstream of the
infusion pump then the pressure inside the tubing downstream from the pumping
mechanism will increase and the tlexible tubing will expand. Expansion of the tubing
exerts a force on the sensor that detects the increased pressure as a downstream
occlusion. Alternatively, 1t an occlusion occurs upstream of the pumping mechanism,
pressure inside the tubing (between the occlusion and the pumping mechanism) will
generally decrease causing the flexible tubing to exert less force on the sensor than
would normally be exerted when the infusion set 1s operating properly. This decrease
in force will reduce the actual amount of solution which 1s being delivered to the
patient and will be detected by the sensor as an upstream occlusion. If the pressure in
the tubing falls outside of a predetermined range, the sensors will generally cause an
alarm to sound indicating the presence of an occlusion. If the pressure changes do not

tall outside the desired range, the pressure change may still be used to alter the cycles
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(typically either duration or frequency of cycles) of the pumping mechanism as the
pressure has an effect on the amount of solution which is pumped during each cycle.

Another problem that medical personnel must be concerned with when
delivering solutions to a patient using an infusion set 1s contamination or damage to
the pumping mechanism. Although the tubing and cassette of an infusion set 1s
discarded after use with a particular patient, the pump which drives the solution
through the infusion set may be used with subsequent patients. While the outer
surfaces of the infusion set can be easily sanitized with cleaning agents, it may
difficult to clean the interior of the pump.

Likewise, while an infusion set 1s typically sealed, infusion pumps are used 1n
a medical environment where solutions may be spilled on the pump. To prevent
damage to the electronics of the pump, including the pressure sensors, a sealing
mechanism 1s typically required.

To ensure that that the interior of the pump does not become contaminated and
to prevent liquids from damaging the electronics, infusion sets often include seals that
prevent liquid and bacteria from entering or exiting inner surfaces ot the pump that
are more difficult to routinely clean. To this end, the sensors (or external portions
thereof) are often protected with a sheath of elastomeric material to prevent solution
from contacting the sensor should a leak occur. This elastomeric material also
provides a microbial barrier to make the pump easier to sanitize to ensure that cross-
contamination does not occur with subsequent usage ot the pump.

An example of such an elastomeric membrane disposed between the tubing
and a rod associated with the sensor can be seen in U.S. Patent No. 5,989.222. While
the membrane helps to shield the rod from fluids, the elastomeric membrane also
deforms somewhat under the changing pressuring in the tubing and thus may decrease
the sensitivity of the sensor by absorbing all or some of the change 1n force exerted by
the tubing.

Thus, there 1s a need for an improved sensor for detecting occlusions in an
infusion set. The sensor’s ability to detect a force exerted by the tubing of the
infusion set should be maximized while providing a microbial barrier for patient
protection and protecting the sensor from damage in the event a solution leaks from
the 1infusion set or 1s otherwise spilled on the pump. It 1s also desirable to provide

such a device which 1s relatively inexpensive and easy to use.

SUMMARY OF THE INVENTION
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It 1s an object of the present to provide an occlusion sensor and method of use which
substantially prevents contamination and/or damage to the sensor during administration of
solutions to a patient.

According to one aspect of the present invention, an occlusion sensor may be disposed on
a pump so as to be positioned along the infusion set. According to another aspect of the present
invention, the occlusion sensor may include a transfer rod with a first end that selectively engages
the tubing of an infusion set and a second end that engages a sensor and a sealing member
disposed along the transfer rod.

According to another aspect of the present invention, the occlusion sensor may be
disposed on an infusion set using a sealing membrane located between the first and second ends
of the transfer rod, with the membrane extending around the circumference of the transfer rod.

According to yet another aspect of the present invention, the membrane may be a flexible,
waterproof membrane that acts as a microbial barrier and seal around the transfer rod.

According to still another aspect of the present invention, the flexible, waterproof
membrane may be preformed as part of an infusion pump.

[n accordance with another aspect of the present invention, the transfer rod of the
occlusion sensor may be attached to the infusion set by overlay molding an elastomeric material
that adheres to the transfer rod and a plate that is attachable to an infusion pump.

In accordance with still another aspect of the present invention, the first end of the transfer
rod may be 1n direct contact with the tubing of an infusion set and the second end of the transfer

rod may be in direct contact with a sensor and includes a barrier that allows the plunger to move
In response to pressure changes. A change in pressure within the tubing of the infusion set may
result in a change 1n force exerted by the tubing wall against the first end of the plunger, which is
communicated to the sensor via the second end of the plunger.

In an aspect, there 1s provided an infusion pump comprising: a pump body, the pump body
having a mounting plate for selectively receiving tubing of an infusion set; and a pressure sensor
system comprising a sensor, a transfer rod for conveying pressure from a position adjacent the

mounting plate to the sensor, and a tlexible membrane attached to mounting plate and the transfer

rod to form a seal around the transfer rod.
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In another aspect, there is provided a method of manufacturing a pressure sensor system,
the method comprising the steps of: selecting a transfer rod having a first end and a second end,;
selecting a pump having an inner surface and an outer surface; connecting the transter rod to the
pump with a flexible membrane so as to form a contamination barrier between the inner and outer
surfaces of the pump, the membrane attaching to the transfer rod between the first end and the
second end; and wherein the first end of the transfer rod is oriented to directly contact tubing of
an infusion set, and wherein the second end of the transfer rod is disposed adjacent a pressure
Sensor.

These and other aspects of the present invention are realized in an occlusion sensor and

method of use as shown and described in the following figures and related description.

BRIEF DESCRIPTION OF THE DRAWINGS
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Various embodiments of the present invention are shown and described in
reference to the numbered drawings wherein:

FIG. 1 shows a fragmented, cross-sectional side view of an occlusion sensor
system made 1n accordance with the principles of the present invention;

FIG. 1A shows a fragmented cross-sectional view of the occlusion sensor
system of FIG. 1 taken lengthwise along the tubing of an infusion set;

FIG. 2 shows a fragmented, cross-sectional side view of another occlusion
sensor, made in accordance with the principles of the present invention, disposed on a
pump body for an infusion set;

FIG. 3 shows a top view of a pump of an infusion set which can be used 1n
accordance with the principles of the present invention;

FIG. 4 shows a top view of another pump of an infusion set which can be used
in accordance with the principles of the present invention; and

FIG. 5 shows a perspective view of a plate that can be attached to the pump of
an infusion set which can be used according to principles of the present invention.

It will be appreciated that the drawings are illustrative and not limiting of the
scope of the invention which 1s defined by the appended claims. The various
elements of the invention accomplish various aspects and objects of the invention. It
1s appreciated that not every element of the invention can be clearly displayed 1n a

single drawing, and as such not every drawing shows each element of the invention.

DETAILED DESCRIPTION

The drawings will now be discussed 1n reference to the numerals provided
therein so as to enable one skilled 1n the art to practice the present invention. The
drawings and descriptions are exemplary of various aspects of the invention and are
not intended to narrow the scope of the appended claims.

Turning to FIGs. 1 and 1A, there are shown a fragmented, cross-sectional
view of an occlusion sensor system, generally indicated at 100, according to
principles of the present invention. FIG. 1 shows a cross-section taken perpendicular
to the length of a tubing segment of an infusion set and FIG. 1A shows a cross-section
of the same area taken along the length of the tubing of the infusion set.

The sensor system 100 1s disposed on an infusion pump body 114 as may be

used with an infusion set to deliver solution to a patient. It will be appreciated that the
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invention discussed herein could also be used with other types of pumps which are
used to deliver liquids 1n other industries.

The sensor system 100 may include a transfer rod 118 disposed 1n a channel
132 tormed by sidewalls 140. The channel 132 1s typically disposed along a
mounting plate 146. The mounting plate 146 1s often formed at the top of the pump
so that a top portion of the mounting plate 1s part of the outer surface 114 of the pump
(which may be covered by a door) and the underside of the mounting plate 146 1s part
of the inner portion 114b of the pump. It will be appreciated that the mounting plate
146 may be integrally formed as part of the pump or may be a separate component
that may be removably attached to a pump.

The transter rod 118 typically extends through an opening 114c¢ 1n the
mounting plate 146 so that a first end 118a of transter rod 118 1s disposed 1n the
channel 132 so as to contact the tubing 124 of an infusion set mounted on or adjacent
the outer surface 114a of the pump body 114. A second end 118b of the transfer rod
118 may be disposed adjacent, and typically contacting, a sensor 122 disposed 1n the
interior 114b of the pump body 114. The sensor 122 may be a piezoelectric
transducer or other system which senses pressure in the tubing 124 via the transfer rod
118. Thus, as the tubing 124 expands or contracts, the transter rod 118 will applying
different amounts of force to the sensor 122. A pressure falling outside a
predetermined range means either than an occlusion 1s present along the tubing 124
upstream from a pumping mechanism or that the tubing has not been properly loaded
in the channel 132. Either way, this enables the pump to determine that an
undesirable condition 1s present and an alarm may be sounded and the pump may shut
down. A pressure rising outside a predetermined range indicates an occlusion
downstream which, if sufficient, may cause the pump to give an alarm and/or shut
down.

In order to protect the sensor and other components within the pump body
114, 1t 1s important that fluids and/or other material which may potentially
contaminate the pump not be allowed to enter the interior of the pump body. In prior
pumps used 1n the medical industry, this may be done by placing a sheath or
membrane above a rod or similar structure to form a seal such that the sheath or
membrane 1s disposed between the rod and the tubing of an infusion set. Typically
the sheath 1s elastomeric and can dampen the reactivity of the rod to the changes in

pressure within the tubing. Thus, using a sheath or membrane as described in the
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prior art would likely reduces the sensitivity of a sensor in communication with the
rod.

In accordance with the present invention, the occlusion sensor system 100 may
use a tlexible, waterproof membrane 128 which engages a central portion 118¢ of the

5  transfer rod 118, i.e. between the first and second ends 118a and 118b,so that the first
end 118a of the transfer rod 118 may directly contact the tubing 124 without having
an elastomeric material disposed therebetween. The membrane 128 may also engage
the pump body 114.For example, the membrane 128 may be attached to the sidewalls
140 of the channel 132 creating a microbial/contamination barrier, which may

10 substantially prevent tluid and/or other materials from passing through opening 114c¢
and damaging the sensor 122, and/or other internal parts ot the pump.

The membrane 128 may be installed by overlay molding the membrane to a
mounting plate 146 configured for receiving the transter rod 118. The molded
membrane 128 may act as a positioning member (both vertically and laterally) and a

15  seal for the transter rod 118. According to one aspect of the present invention, the
membrane 128 may be comprised of a number of flexible materials, which are
typically low durometer elastomers such as silicone and polyurethanes. One skilled in
the art will appreciate that the membrane 128 can be comprised of any suitable
material that acts as a microbial/contamination barrier and may be sufficiently flexible

20 to allow the transfer rod 118 to communicate a force exerted on 1t by the tubing 124 to
the sensor 122. It 1s also desirable, but not required, that the material bond to the
body of the pump to provide a desirable seal.

It will be appreciated that while the transfer rod 118 can move, under normal
conditions the movement of the transfer rod will typically be about 1 mm or less.

25  Thus, the membrane 128 does not have to be highly tlexible to avoid decreasing the
amount of force transferred to the sensor 122.

When attached to the sidewalls 140, the membrane 128 may help maintain the
position of the transfer rod 118 adjacent tubing 124 when the infusion set is 1n use to
keep the transfer rod 118 1n direct contact with tubing 124. Should an occlusion

30  (partial occlusion, etc.) occur downstream from the pumping mechanism, pressure
within the tubing 124 will increase, causing the tubing to expand. The expansion of
tubing 124 creates a force that 1s exerted on the first end 118a of the transfer rod 118.
The transfer rod 118 1s typically substantially rigid and resists being compressed.

Thus, the second end of the transfer rod 118 1s able to communicate to the sensor 122
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substantially all of a resulting force caused by a change in pressure 1nside tubing
124.'This force may be detected as an occlusion and an alert may be sent to notity
medical personnel of the occlusion.

Reterring now to FIG. 2, there 1s shown a fragmented, cross-sectional view of

> an alternate pressure/occlusion sensor system according to principles of the present

invention, generally indicated at 200. The pressure/occlusion sensor system 200 1s
similar to the sensor system 100 seen 1in FIG. 2 above and has accordingly been
labeled with corresponding reference numerals. The transfer rod 118 is disposed 1n
the channel 132 and may include one or more flanges 120. Like the occlusion sensor

10 system 100, the pressure/occlusion sensor system 200 may include a flexible,
waterproof membrane 128 attached to the transter rod 118. However, the membrane
128 may attach to the one or more tflanges 120, which may be located between the
first and second ends 118a, 118b of the transfer rod 118. Attaching the membrane
128 to the one or more flanges 120 provides a greater surface area for attachment and

15  thus may increase the durability of the occlusion sensor system 200.

Attachment of the membrane 128 to the sidewalls 140 may position the
transfer rod 1183 to be adjacent tubing 124 when the infusion set 1s in use. To further
increase the durability of pressure/occlusion sensor system 200, the area in which the
membrane 128 contacts side walls 140 when attached can be extended vertically

20 along the side walls 140. Also, as can be seen 1n FI1G. 2, the area 1n which the
membrane 128 contacts and attaches to the pump 114 can be extended further along
surtfaces of the pump body 114 other than the sidewalls 140. For example, the
membrane 128 can have and extension or flange 128a so the membrane extends along
the walls 140 and into a recess 144 or ledge 1n an inner surface of the walls (at the top,

25  bottom or 1n between) to increase the surface area tor engagement. One of skill in the
art will appreciate that increasing the surface area used to attach the membrane 128 to
the pump body 114 will likely increase the durability of the pressure/occlusion sensor
system 200 and 1ts ability to keep out liquids and other contaminants.

Now turning to FIG. 3, a top view of a pump, generally indicated at 300,

30  having a pump body 114 for receiving an infusion set 1s shown. According to one
aspect of the invention the pump 300, may include at least two pressure/occlusion
sensors 310a and 310b to allow for detection ot occlusions, etc. that may occur

upstream and/or downstream of the pumping mechanism 308, such as a pump rotor.
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The pump mechanism 308 may be used to facilitate the flow of solutions
through the tubing 124 (Figs. 1-2) of an infusion set. The pump mechanism 308
pinches closed and compresses portions of the tubing to force tluid contained therein
downstream. Such pumping mechanisms are well known in the art. It should be

S  appreciated that pumps, other than rotary peristaltic pumps, including but not limited
to linear, curvilinear and other pump configurations may be used according to
principles of the present invention.

The pressure/occlusion sensors 310a, 310b may be made according to
principles of the present invention. For example, the pressure/occlusion sensors 310a

10 and 310b may be made 1n accordance with the configuration of the pressure/occlusion
sensor system 100 shown 1n FIGs. 1 and 1A, or the pressure/occlusion sensor system
200 configuration shown in FIG. 2.

Tubing may be placed around the pump mechanism 308 and into the channels

322a, 322b. The transter rods 318a, 318b may be positioned so as to contact the

15  tubing when it is properly loaded in channels 322a, 322b. The membranes 328a, 328b
may facilitate the positioning of the transfer rods 318a, 318b relative to the tubing. In
other words, the transfer rods 318a, 318b may be held in place only by the membranes
328a, 328b. Thus, the membranes 328a, 328b may act as positioners, seals and
microbial/contamination barriers between the outer and inner surfaces of the pump

20 300.

It an occlusion, partial occlusion or a lack of solution 1s present upstream of
the pump 300, the pressure 1nside tubing located in the channel 322a will decrease
causing the tubing to compress, 1.e. reduce the radial diameter. Compression of the
tubing will cause a reduced force to be exerted on the transter rod 318a. The decrease

25 1n force may be communicated to the sensor via the transfer rod 318a and an alarm
may be triggered to alert medical personnel of the occlusion if the drop 1n pressure 1s
sutficient to indicate that action 1s needed.

If an occlusion or partial occlusion, etc., occurs downstream of pump 300, the
pressure 1nside tubing located in channel 322b will increase causing the tubing to

30  radially expand. A change in the force exerted on the transfer rod 318b due to the
expansion of the tubing will be transferred to the sensor via the transfer rod, and may

also trigger an alarm to medical personnel if the pressure exceeds a predetermined

threshold.
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It should be appreciated that a pump 300 may include only a single
pressure/occlusion sensor 310, as shown 1n FIG. 4 which may be used to monitor
pressure upstream or downstream from the pump mechanism 308. However, 1t 1S
presently desirable to include at least two pressure/occlusion sensors positioned so as
to be able to better detect an occlusion, partial occlusion, etc., that occurs either
upstream or downstream of a pumping mechanism.

Now turning to FI1G. 5, there 1s shown a perspective view of a plate or base,
generally indicated at 400, that can be attached to or formed integrally with an
infusion pump. The base 400 may include a mounting structure 404 which receives a
cassette of an infusion set having a tubing segment (not shown). For example, the
cassette may nest in the mounting structure 404, which helps to hold the cassette
about the rotor (not shown) to facilitate the rotor driving solution through the tubing,
such as enteral feeding solution, parenteral teeding solution, IV solution, etc.

Pressure/occlusion sensors 410 (which can be made as described above with
respect to sensors 100, 200, 310) may be attached to the base 400 using a flexible,
waterproof membrane (not shown) that acts as a microbial/contamination barrier and
protects sensors located on the inner surface 414a of the plate 400 should solution
leak from the 1nfusion set or otherwise be spilled on the pump. The flexible,
waterproof membrane may also aid in positioning the transter rods of sensor system
410 such that a tubing segment of an infusion pump cassette 426 may be loaded into
channels 422 of the base and held 1n direct contact with the transfer rods of
pressure/occlusion sensor systems 410.

As discussed above, the transter rods of pressure/occlusion sensor systems 410
are positioned so as to contact the tubing of the infusion set when 1n use.
Furthermore, positioning of the transter rods can be accomplished by overlay molding
the flexible, waterproof membrane on the base 400 and the transter rods.

While the discussion above has been principally 1n the context of an
pressure/occlusion sensor which could be used in the administration of fluids to a
patient, 1t will be understood that the occlusion sensor could be used 1n a variety of
non-medical applications. Either way, the sensor system detects pressure change
along the tubing of an infusion set and can thereby create a warning that pressure
within the tubing has fallen below or exceeded a predetermined threshold. This could
then be used to generate a warning signal or human perceptible signal, such as a light

or audible alarm, and/or could be used to turn off the pump until the infusion set has
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been checked. Thus, proper pressures can be maintained by medical personnel with
the pressure occlusion sensing system operating within a range of predetermined
parameters.
It will be appreciated that the present invention can be used 1n a variety of

5>  apparatuses and methods. For example, a pressure sensor system 1n accordance with
the present invention may 1nclude a sensor for determining pressure; a movable
transter rod disposed in communication with the sensor for applying force to the
sensor, the transfer rod having a first end and a second end; and a tlexible membrane
connected to the transter rod between the first end and the second end. The pressure

10 system may be used 1in a pump: configured for pumping fluid through tubing, with the
pump having a pump body and wherein the pressure sensor system 1s attached to a
pump body; with the pump body having wall defining an opening and wherein the
transfer rod 1s disposed in the opening and the flexible membrane is configured to
form a seal 1n the opening between the transter rod and the wall; where the tlexible

15 membrane 1s overlay molded on the pump body; further comprising a base disposed
on the pump, the base being configured to receive a portion of an infusion set; with a
base configured with a plurality walls defining at least one channel to receive an
infusion set having a tubing segment and wherein the transfer rod is contigured to be
in direct contact with the tubing segment of the infusion set when mounted 1n the at

20 least one channel; further comprising an infusion set having a cassette nestable on the
base, the cassette having a tubing segment and wherein the transter rod engages the
tubing segment and moves responsive to radial expansions and contractions within
the tubing segment; with an infusion set containing a solution selected from the group
comprising enteral feeding solution, parenteral feeding solution, and IV solution;

25  wherein the flexible membrane 1s configured to position the transfer rod both
vertically and laterally relative to the pump body; wherein the flexible membrane 1s
attached to the transter rod and the pump body using overlay molding, the flexible
membrane being formed from a waterproof material; wherein the pump has at least
one recess adjacent the opening and wherein the flexible membrane i1s disposed 1n the

30  atleast one recess; and/or wherein the transter rod comprises at least one flange and
wherein the flexible membrane 1t attached to the at least one flange, or combinations
thereotf.

In accordance with one aspect of the invention, an infusion pump may include

a pump body having a mounting plate for selectively recerving tubing of an infusion
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set; and a pressure sensor system comprising a sensor, a transfer rod tor conveying
pressure from a position adjacent the mounting plate to the sensor, and a flexible
membrane attached to mounting plate and the transfer rod to form a seal around the
transfer rod. The pump may also include: a transfer rod having a first end and a

S5  second end with a flexible membrane attached to the transter rod between the first end
and the second end; the flexible membrane positioned so that the membrane does not
cover the first end or the second end of the transfer rod; the transfer rod having at
least one flange, and wherein the flexible membrane 1s attached to the transfer rod via
the at least one flange; a mounting plate is removably attachable to the infusion pump;

10 a flexible membrane 1s attached to an extended surface of the mounting plate; the
flexible membrane being attached to at least two non-parallel surfaces of the
mounting plate; and/or the transter rod being attached to the mounting plate by
overlay molding the flexible membrane to the at least one tlange of the transter rod
and to the mounting plate, or combinations thereof.

15 A method of manufacturing a pressure sensor system 1n accordance with the
present invention may include the steps of: selecting a transter rod having a first end
and a second end; selecting a pump having an inner surface and an outer surface;
connecting the transfer rod to the pump with a flexible membrane so as to form a
contamination barrier between the inner and outer surfaces of the pump, the

20  membrane attaching to the transfer rod between the first end and the second end; and
the first end of the transfer rod being oriented to directly contact tubing of an infusion
set, and wherein the second end of the transfer rod is disposed adjacent a pressure
sensor. The method may also include: the transter rod having at least one flange, and
wherein the method further comprises attaching the tflexible membrane to the at least

25 one flange; the step of attaching the transfer rod to a mounting plate of the pump with
the flexible membrane, wherein the mounting plate 1s removably attachable to the
pump; the step of removably attaching a cassette of an infusion set having a tubing
segment to the mounting plate, wherein removably attaching the mounting plate to the
pump positions the tubing segment in direct contact with the transter rod; and/or

30  attaching the flexible membrane to the transter rod and the mounting plate using
overlay molding, or combiantions thereof.

There 1s thus disclosed a pressure/occlusion sensor system and method of use.

It will be appreciated that numerous changes may be made to the present invention
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without departing from the scope of the claims. The appended claims are intended to

cover such modifications.
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CLAIMS:

1. An 1nfusion pump comprising:

a pump body, the pump body having a mounting plate for selectively receiving tubing of
an infusion set; and

a pressure sensor system comprising a sensor, a transfer rod for conveying pressure from a

position adjacent the mounting plate to the sensor, and a tlexible membrane attached to mounting

plate and the transfer rod to form a seal around the transfer rod.

2. The infusion pump of claim 1, wherein the transfer rod comprises a first end and a second

end and wherein the flexible membrane is attached to the transfer rod between the first end and

the second end.

3. The infusion pump of claim 2, wherein the flexible membrane does not cover the first end

or the second end of the transfer rod.

4, The infusion pump according to claim 1, wherein the transfer rod comprises at least one
flange, and wherein the flexible membrane is attached to the transter rod via the at least one

flange.

5. The infusion pump according to claim 1, wherein the mounting plate is removably

attachable to the infusion pump.

6. The infusion pump according to claim 1, wherein the flexible membrane is attached to an

extended surface of the mounting plate.

7. The infusion pump according to claim 1, wherein the flexible membrane 1s attached to at

least two non-parallel surfaces of the mounting plate.
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8. The infusion pump according to claim 1, wherein the transfer rod is attached to the
mounting plate by overlay molding the flexible membrane to the at least one flange of the transfer

rod and to the mounting plate.

9. The pump according to claim 1, the pump body having wall defining an opening and
wherein the transfer rod 1s disposed in the opening and the flexible membrane 1s configured to

form a seal in the opening between the transfer rod and the wall.

10.  The pump system according to claim 1, wherein the base is configured with a plurality
walls defining at least one channel to receive an infusion set having a tubing segment and wherein

the transfer rod is configured to be in direct contact with the tubing segment of the infusion set

when mounted 1n the at least one channel.

11. A pump system according to claim 1, further comprising an infusion set having a cassette
nestable on the base, the cassette having a tubing segment and wherein the transfer rod engages
the tubing segment and moves responsive to radial expansions and contractions within the tubing

segment.

12.  The pump system according to claim 1, wherein the infusion set contains a solution

selected from the group comprising enteral feeding solution, parenteral feeding solution, and IV

solution.

13.  The pump according to claim 1, wherein the flexible membrane is configured to position

the transfer rod both vertically and laterally relative to the pump body.

14.  The pump of claim 1, wherein the pump has at least one recess adjacent the opening and

wherein the flexible membrane 1s disposed 1n the at least one recess.

15. A method of manufacturing a pressure sensor system, the method comprising the steps of:

selecting a transfer rod having a first end and a second end;
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selecting a pump having an inner surface and an outer surface;

connecting the transfer rod to the pump with a flexible membrane so as to form a
contamination barrier between the inner and outer surfaces of the pump, the membrane attaching
to the transfer rod between the first end and the second end; and

wherein the first end of the transfer rod is oriented to directly contact tubing of an infusion

set, and wherein the second end of the transfer rod is disposed adjacent a pressure sensor.

16.  The method according to claim 15, wherein the transfer rod comprises at least one flange,
and wherein the method further comprises attaching the flexible membrane to the at least one

flange.

17.  The method according to claim 15, wherein the method further comprises the step of
attaching the transter rod to a mounting plate of the pump with the flexible membrane, wherein

the mounting plate is removably attachable to the pump.

18.  The method according to claim 17, further comprising the step of removably attaching a
cassette of an infusion set having a tubing segment to the mounting plate, wherein removably
attaching the mounting plate to the pump positions the tubing segment in direct contact with the

transter rod.

19. The method according to claim 17, wherein the flexible membrane is attached to the

transfer rod and the mounting plate using overlay molding.
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