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INTRAVENOUS METERING MONITORING DEVICE

FIELD OF THE INVENTION

The present invention relates in general to intravenous
metering devices and in particular to an intravenous metering device

having improved monitoring.

BACKGROUND OF THE INVENTION

Considerable attention in recent years has been directed to
the intravenous delivery of fluids such as saline solutions and the
Tike to patients. Initially, these fluids were administered to the
patient by means of gravity flow from a container holding the fluid
to be delivered. Gravity-flow devices, however, can be cumbersome
to use, inasmuch as pressure sufficient to sustain fluid movement in
a gravity-fiow device often required positioning of the device at a
considerable elevation above the patient receiving the fluid.
Moreover, attempts to accurately regulate the amount of fluid
administered by gravity-flow devices were often unsuccessful because
of the fact that the gravity-induced pressure responsibie for moving
fluid through the device generally decreased during the intravenous
delivery operation as the fluid level within the container holding
the fluid dropped.

In order to provide foﬁ improved flow of fluids to patients,
pumping devices have been utilized such as found in U.S. Patent Nos.
4,336,800; 4,453,931; 4,453,932; 4,457,753; and U.S. Application
Serial No. 07/411,789. Such pumping devices employ a metering
device control unit into which an intravenous metering device is
placed. The intravenous metering device includes a pumping chamber
which includes a reciprocal diaphragm. The metering device includes
a pumping piston which reciprocates the diaphragm thereby changing
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the volume of the pumping chamber. Check valves are positioned at
the pumping chamber inlet and outlet to regulate the flow of fluid
and a gas retention chamber is provided upstream of the pumping
chamber and the pumping chamber inlet. The gas retention chamber is
connected via tubing to a fluid source while the pumping chamber
outlet is connected to a patient.

SUMMARY OF THE INVENTION

The present invention provides an improved, low cost method
and apparatus for monitoring the intravenous metering of fluids to a
patient. The present invention provides a strain gauge which is
preferably a balanced metal beam. Conditioning circuitry is
provided which has as input the strain gauge output. The output of
the conditioning circuit is inputted into occlusion sensing
circuit. The output of the occlusion sensing circuit is inputted
into an air sensing circuit. The output of both the occlusion
sensing circuit and the air sensing circuit are inputted into an
analog to digital convertor which is monitored by a microprocessor

for abnormal signals.

BRIEF DESCRIPTIUN OF THE DRAWINGS

FIGURE 1 is a perspective view of a pumping apparatus which

uses an intravenous metering device;
FIGURE 2 is a top view of an intravenous metering device;
FIGURE 3 is a cross-sectional view of the device of FIGURE 2

taken along line III-III of FIGURE 2;
FIGURE 4 is a cross-sectional view of the device of FIGURE 2

taken along line IV-IV of FIGURE 2;
FIGURE 5 is a cross-sectional view of the device of FIGURE 2

taken along line V-V of FIGURE 2;
FIGURE 6A is an upper perspective view of the diaphragm of

an intravenous metering device; .
FIGURE 6B is a lower perspective view of the diaphragm of an

intravenous metering device;
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FIGURE 7 is a perspective cutaway view of hardware used in
accordance with the principles of the present invention;
FIGURE 8 is a block diagram showing the logical circuit of

the present invention;
FIGURE 9 is a detailed schematic of the electric circuit of

the present invention; and
FIGURE 10 is a detailed schematic of an alternative

preferred electric circuit in accordance with the principles of the
present invention.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Referring first to FIGURE 1, an intravenous metering device
10 is shown positioned within a metering device control unit 12.

The intravenous metering device 10 in conjunction with the metering
device control unit 12 acts as a pump means to transfer fluid from a
source of fluid 14 to a patient. The intravenous metering device 10
is connected to the source of fluid 14 by means of conventional
tubing 16. Additional tubing 18, extending from the outlet of
intravenous metering device 10, transfers precise amounts of fluid
to the patient. |

Provided between the container of fluid 14 and the tubing 16
is a conventional drip chamber 15. The drip chamber 15 is partially
surrounded by a drop sensing means 17 which senses the drops passing
in the drip chamber 15. The drop sensing means 17 can be connected
to the metering device control unit 12 by wiring 13 so that, if the
absence of drops is sensed, an alarm in the metering device control
unit 12 can be sounded.

Referring now to FIGURES 2 thru 6, construction of an
intravenous metering device 10 is shown in detail. The intravenous
metering device 10 includes a pumping chamber 20 formed in housing
30 and a flexible diaphragm 22 which forms an upper portion 21 of
pumping chamber 20. The housing 30 includes a housing 1id 31 as
well as a housing bottom 32. A pumping chamber inlet 24 and a
pumping chamber outlet 26 are formed in pumping chamber 2U. Pumping
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chamber 24 includes a valve seat means 28. Valve actuator 34
controls the admission of fluid into pumping chamber 20 by
reciprocating the diaphragm 22 between an open position, shown in
solid 1ines in FIGURE 3, and a closed position as shown by do%ted
lines in FIGURE 3. As best seen in FIGURE 4, the pumping chamber
outlet 26 includes a valve 38 which is normally held in a closed
position.

Intravenous metering device 10 further includes a meterinyg
device inlet 49 which is disposed above an air retention chamber 40
bounded by housing sidewalls 42. The air retention chamber 40 is of
sufficient size to include an air retention chamber upper portion 50
providing for an air-fluid interface. Air retention chamber 40 also
includes an air retention chamber lower portion 54 which collects
fluid free of air bubbles. The fluid free of air bubbles can then
pass through an air retention chamber passageway 56 in tubular
conduit 58 past the open valve seat means 28 and on into the pumping
chamber 20.

The metering device control unit 12 provides means for
varying the volume of the pumping chamber 20 in order to pressurize
the pumping chamber 20 to provide fluid propulsion., These means can
include means for flexing diaphragm 22 into pumping chamber 20 which
in the present invention is a reciprocating pumping piston 6U which
presses against flexible diaphragm 22, whereupon fluid free of air
bubbles is pumped through the intravenous metering device 10 as
described below. The position of diaphragm 22 shown by solid Tines
in FIGURE 3 illustrates the condition of the diaphragm 22 when
pumping piston 60 is in the upstroke position while the dotted line
position of diaphragm 22 illustrates the position of the diaphragm
22 in the associated down-stroke position of pumping piston 60.

The intravenous metering device 10 includes a pressure
measuring chamber 70 seen in FIGURE 5. The pressure measuring
chamber 70 is incorporated into the fluid flow path leaving the
pumping chamber 20 so that priming will be accomplished in generally
the same manner as with the pumping chamber 20. Intravenous
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metering device 10 is constructed with the pressure measuring
chamber 70 and an intravenous metering device outlet 72 positioned
at the base of pressure measﬁring chamber 70. An intermediate
passageway 74 is formed to carry fluid from the pumping chamger
outlet 26 past valve 38 into the pressure measuring chamber 70
entering at a pressure iniet 78. The intravenous device outlet 72
is located at the bottom of pressure measuring chamber 70 so that
the pressure measuring chamber 70 is made a part of the fluid flow
path through intravenous metering device 10. The flow of the fluid
during the intravenous metering device 10 priming operation
described below will continue on into the pressure measuring chamber
70, removing air otherwise present in the intravenous metering
device 10 from the pressure measuring chamber 70 as well as the
pumping chamber 20.

Pressure pin 82 is oriented over a portion 80 of diaphragm
22 which covers the pressure measuring chamber 70 as shown, and
movement of pressure pin 82 in response to upward motion of
diaphragm portion 80 can be translated into a pressure reading as
will be described in detail below. An elongated passageway 90 is
formed in the intravenous metering device 10 to transport fluid from
the pumping chamber 20 to the valve 38.

Referring to FIGURES 6A and- 6B, a perspective view of the
diaphragm 22 is seen in detail, both from above and below. The
diaphragm 22 includes the upper portion 21 of pumping chamber 20
which is reciprocal by pumping piston 60 to vary the volume of the
pumping chamber 20. The diaphragm 22 also includes the upper
portion 80 of the pressﬁre measuring chamber 70. This portion 80 of
the diaphragm 22 includes a generally funnel shaped aperture 81 in
which pressure pin 82 is held.

Diaphragm 22 further includes valve seat means 28 which, in
conjunction with housing 30, forms pumping chamber inlet 24. Valve
seat means 28 is reciprocal by valve activator 34 to control
admission of fluid into pumping chamber 20.
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Extending upwardly from the diaphragm 22 is the integrally
formed priminyg stem 110. The priming stem 100 includes an increased
diameter portion 111 and a stem base 113. The junction of the
increased diameter portion 111 and stem base 113 defines a stem
flange 115. The priming stem 110 further includes a grip portion
117 to aid in user gripping. On the diaphragm opposite the primary
stem is standpipe contacting portion 119 which establishes contact
with standpipe 98.

Extending downwardly from the diaphragm 22 is an integrally
formed flapper valve 100 which forms with a molded ramp 102 on
housing 30 a one-way valve. This one-way valve separates the
intermediate passageway 74 from the pressure measuring chamber 70.
Also extending downwardly is a biasing ridge 79 which acts to bias
flapper valve 100 against molded ramp, as seen in FIGURE 5.

Referring back to FIGURES 2-5, operation of the intravenous
metering device will be described. When pressure is applied to the
pumping chamber 20 by the pumping piston 60, the fluid flows from
the pumping chamber 20 through the pumping chamber outlet to the
elongated passageway 90. An annular outlet pressure chamber 96 is
formed at the downstream end of elongated bassageway 90 having as
its upper wall the diaphragm 22. A standpipe 98 having an aperture
Y9 defined along its central axis is centered in outlet pressure
chamber 96. At its upper periphery, the standpipe Y8 is preloaded
against the diaphragm 22 thus forming a fluid seal to prevent fluid
flow.

When sufficient pressure is generated in pumping chamber 20
and outlet pressure chamber 96, the diaphragm 22 is 1ifted off the
standpipe 98 thus opening valve 38. With valve 38 open, fluid
passes into the intermediate passageway 74. Because air is
compressed more readily than fluid, if air is trapped in the pumping
chamber 20, sufficient pressure will not be generated in the pumping
chamber 20 and outlet pressure chamber 96 to 1ift the diaphragm 22
off the standpipe 98. This disables the intravenous metering device
10 which acts as a safety means to prevent air from being pumped

downstream to the patient.
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From the intermediate passageway 74, the fluid enters the
pressure measuring chamber 70. Provided at the opening to the
pressure measuring chamber 70 is a one-way flapper valve 100 carried
on a molded ramp 102 formed integrally as part of cassette hBusing
30. The flapper valve 100 is integrally molded as part of diaphragm
22 to be biased against the molded ramp 102. The flapper valve 100
thus acts as a valve to allow fluid to pass into the pressure
measuring chamber 70 but to prevent fluid from flowing back into the
intermediate passageway 74 and back to the pumping chamber 20. Also
extending downwardly is a biasing ridge 79 which acts to bias
flapper valve 100 against molded ramp 102, as seen in FIGURE 5.

The diaphragm 22 further includes an integrally molded
priming stem 110 extending from the diaphragm 22 above the outlet
valve 38 portion. The priminy stem 110 includes an upper increased
diameter portion 111 integrally formed with a stem base 113 thereby
defining a stem flange 115. The priming stem 110 can be pulled to
manually 1ift the diaphragm 22 off the standpipe 98 to open the
pumping chamber outlet 26. In addition, formed in the housing 1id
surrounding the priming stem 110 is stem lock housing 112. The stem
Tock housing 112 includes a stem Tocking gfoove 114, best seen in
FIGURE 5, in which the stem flange 115 can rest. Also, as best seen
in FIGURE 2, the stem lock housing 112 is generally formed as an
arrow to direct the user to the stem locking groove 114.

Prior to use, the intravenous metering device must be primed
to eliminate air from the device. When intravenous metering device
10 is to be primed, the device is inverted, and the priming stem 110
is pulled such that the diaphragm 22 is lifted off the standpipe 98
to open the pumping chamber outlet 26 so as to allow the sequential
passage of fluid from metering device inlet 49 through the air
retention chamber 40 and the pumping chamber 20 to the distal
pressure measuring chamber 70 to the outlet tubing 18. With the
device inverted each of the chambers 20 and 40 are primed by
directing the fluid into the bottom and allowing the fluid to fill
the chambers upwardly. Such relatively constant fluid flow assures
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the elimination of air prior to use of the intravenous metering
device 10, consequently enabling the intravenous metering device 10
to administer fluid free of air bubbles to a patient.

Following the priming operation, the intravenous mete}ing
device 10 is returned to its upright position and inserted into
metering device control unit 12. Incoming fluid, transmitted by
tubing 16 to the intravenous metering device inlet 49, subsequently
passes into the air retention chamber 40 which, due to the downward
extension of tubular conduit 58, prevents any air from entering the
pumping chamber 20 and allows for the generation of a air-fluid
interface in air retention chamber upper portion 50. Fluid free of
air bubbles passes from the air retention chamber lower portion 54
through passageway 56. When valve actuator 34 is reciprocated
upwardly, fluid free of air bubbles is allowed to pass into pumping
chamber 20. Valve actuator 34 is then closed. As the flexible
diaphragm 22 is moved downwardly by means of the pumping piston 60U,
the volume within pumping chamber 20 is decreased and the pressure
within pumping chamber 20 and outlet pressure chamber 96 1ifts the
diaphragm 22 off the standpipe 98, thereby allowing a precise amount
of metered fluid to be pumped from pumping chamber 20 through the
intravenous metering device outlet 72 to a patient.

Referring now to FIGURE 7, the housing employing the
pressure pin 82 is seen in a detailed view which eliminates the
additional pump housing. As previously seen, the pressure pin 82 is
inserted and is held by a generally funnel shaped aperture 81 in the
diaphragm. In this arrangement changes in pressure in the pressure
measuring chamber 70 cause the funnel shaped aperture to expand and
contract. This results in movement of the pressure pin 82 in
accordance with changes in pressure in the pressure measuring
chamber 70.

The pressure pin 82 is contained in housing 118 and is
connected to a strain gauge means. In the preferred embodiment, the
strain gauge means is a balanced metal beam 120. The balanced metal
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beam 120 is flexed as the pressure pin 82 is moved in responserto
changes in the pressure in pressure measuring chamber 70. The
balanced metal beam 120 acts as known in the art as a voltage
divider to provide voltage signal which varies as the metal beam 120
is flexed. The pressure pin housing 118 is secured to a strain
gauge bracket 122 which secures the housing 118 in the proper
orientation in the pump. Additionally, an electrical connection 124
s provided between the metal beam 120 and strain gauge circuitry
which will be described in detail below.

Referring now to FIGURE 8, the logical circuit of the
present invention is seen. The present invention includes strain
gauge means which is connected through conditioning means to an
occlusion pressure monitoring means. The occlusion pressure output
is further connected to air sensing means. The output.of both the
occlusion pressure monitor and the air sensor are inputted into a
analog to digital convertor. The analog to digital convertor is
monitored by a microprocessor which signals when the digital signal
is outside of the normal range.

Referring to FIGURE 9, a first preferred embodiment of the
flow monitoring circuit is seen. Initially, the strain gauge
circuitry will be described. A pair of variable resistors R1,R2 are
connected in series between the power source V+ and ground. Thus,
resistors R1,R2 act as a voltage divider. The variable resistors
R1,R2 comprise a balanced metal beam. As the balanced metal beam is
flexed the resistance varies proportionally. This acts to vary the
voltage being supplied at the junction of resistors R1,R2.

The junction of resistors R1,R2 is connected to a variable
resistor R3 in series with a resistor R4. The series resistors
R3,R4 are connected to a variable resistor R. Variable resistor R6
is set by resistors R5,R7 wherein resistor R5 is connected between
resistor R6 and the power source V+ while resistor R7 is connected
between resistor R6 and ground. Resistor R6 acts to null the offset
voltage at the junction of resistors R1,R2. Resistor R3 is provided
to adjust the gain of the system to appropriate values.
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An operational amplifier Q1 is provided. Operational
amplifier Q1 includes a low pass feedback network which also sets
gain and helps to assure stability. The low pass feedback network
includes a feedback resistor R8 in paraliel with a capacitorCl.

The high input of operational amplifier Q1 is connected to the
junction of resistors R4,R6. The low input of operational amplifier
Ql is connected to variable resistor R3. Thus, operational
amplifier Q1 provides a variable gain set by variable resistor R3
and an offset voltage set by variable resistor R6. Operational
amplifier Q1 together with input circuitry acts as a means for
electrically conditioning the reading of the strain gauge circuitry.

A second operational amplifier Q2 is provided. Operational
amplifier Q2 includes a low pass feedback network which includes a
feedback resistor R10 in parallel with a capacitor C2. The low pass
feedback network further acts to assist in setting of operational
amplifier Q2 and helps to assure stability.

The high input of operational amplifier Q2 is also connected
to the junction of resistors R4,R6. The Tow input is connected to
the output of operational amplifier Q1 through a resistor R9. Thus,
operational amplifier Q2 along with its connecting circuitry acts as
occlusion circuit means for monitoring the strain gauge signal. The
output of operational amplifier Q2 contains the in-line pressure
signal and is carefully calibrated such that a direct repeatable
relation exists between voltage and pressure. '

The output of operational amplifier Q2 is connected through
series capacitors C3,C4 to the high input of a third operational
amplifier Q3 forming a high pass filter. Operational amplifier Q3
includes a low pass feedback network which includes a feedback
resistor R14 in parallel with a capacitor C5. The feedback network
assists in setting the gain of operational amplifier Q3, helps to
assure stability and also forms a band pass function with a

preferred gain of two.



WO 92/22337

10

15

20

25

- 30

PCT/US92/04722

- 11 -

The output of operational amplifier Q3 is also fed back via
a resistor R12 to the junction of capacitors C3,C4. The high input
of operational amplifier is further connected to voltage dividing
resistors R11,R13. The junction of series resistors R11,R13 ‘s
input into the high input of operational amplifier Q3, with resistor
R11 connected to the power source V+ and resistor R13 connected to
ground. The Tow input of operational amplifier Q3 is further
connected to ground through a resistor R15.

The output of operational amplifier Q3 is inputted into the
high input of a fourth operational amplifier Q4. Operational
amplifier Q4 includes a low pass feedback network to assist in
setting the gain of operational amplifier Q4 and help to assure
stability which includes a feedback resistor R18 in parallel with a
capacitor C6. The iow input of operational amplifier Q4 is further
connected to the junction of voltage divider series resistors
R16,R17, with resistor R16 connected to the power source V+ and
resistor R17 connected to ground. The output of operational
amplifier Q4 contains the in-line or in-cassette gas signal
information.

Referring now to FIGURE 10, an a]tefnative preferred
embodiment of the flow monitoring circuit is seen. In the circuit,
Tike elements are designated by 1ike designations and for brevity
the discussion is limited to only those additional elements not
previously discussed in reference to FIGURE 9. ‘

The alternative circuit includes an additional set of series
variable resistors R25,R26 which act as a voltage divider connected
between the power supply V+ and ground. The junction of resistors
R25,R26 is connected to the junction of resistor R7 and variable
res:tor R6 of the offset adjust circuit. Thus, resistors R25,R26
act with resistors R1,R2 as a full bridge strain gauge which
improves the sensitivity of the strain gauge by preferably a factor
of four,
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The alternative circuit further includes means for
electrically offsetting the strain gauge. The electrical offset
means is provided to balancé a forced mechanical offset of the
balanced metal beam to achieve linearity. In particular, a specific
connection is provided between the junction of resistor R6 and
resistor R7 of the offset adjust circuit and the junction of
resistor R25 and resistor R26 of the full bridge strain gauge to
create this condition. The forced mechanical offset is created by
an adjustment screw (not shown) and is extended by insertion of the
cassette into the pumping mechanism.

The alternative preferred embodiment further includes means
for compensating temperature changes. Particularly, the high input
of operational amplifier Q2 is further connected to a resistor R24
which is connected in series to a second resistor R23. .Resistor R23
is connected to power source V+ through a diode CR1. The junction
of resistor R24 and resistor R23 is connected to ground through a
resistor R22 and a parallel capacitor C9. The voltage change due to
temperature changes in the diode characteristic compensates nominal
temperature changes in the rest of the circuitry.

It should be understood that various modifications, changes
and variations may be made in the arrangement, operations and
details of construction of the elements disclosed herein without

departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. An apparatus for monitoring the intravenous metering of
Tiquid to a patient comprising: )
strain gauge means responsive to changing pressure
conditions in the metering of liquids for providing an electronic
5 signal which varies as a function of the pressure conditions;
occlusion circuit means having as an input the electronic
signal provided by the strain gauge means for monitoring the strain
gauge signal to provide notification when the metering of liquids is
precluded; and
10 air sensing circuit means having as an input an electronic
signal from the occlusion circuit means for monitoring the occlusion
circuit signal to provide a notification when the metering of

1iquids further includes gas.

2. The apparatus of claim 1 further including conditioning
circuit means having as an input the electronic signal from the
strain gauge means and outputting a conditioned electronic signal to
the occlusion circuit means.

3. The apparatus of claim 1 further wherein the occlusion
circuit means provides a refined electronic signal as input to the
air sensing circuit means.

4. The apparatus of claim 1 wherein the strain gauge means
comprises a voltage divider.

5. The apparatus of claim 1 wherein the occlusion circuit
means comprises an operational amplifier.

6. The apparatus of claim 1 wherein the air sensing circuit
means comprises a pair of series amplifiers.
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7. An apparatus for monitoring the conditions in an
intravenous metering device having upstream and downstream tubing
comprising:

strain gauge means for providing an electronic signal which
varies in accordance with pressure conditions in the intravenous
metering device; .

occlusion sensing circuit means having as an input the
strain gauge signal for sensing and providing a notification when
liquid is precluded from flowing into the metering device; and

air sensing circuit means having as an input the strain
gauge signal for sensing and providing a notification when a gas is
present in the metering device.

8. The apparatus of claim 7 further including conditioning
circuit means having as an input the electronic signal from the
strain gauge means and outputting a conditioned electronic signal to
the occlusion sensing circuit means and the air sensing circuit

means.

9. The apparatus of claim 7 further wherein prior to
inputting into the air sensing circuit means the strain gauge signal
has been inputted into the occlusion sensing circuit means which
output is inputted into the air sensing circuit means.

10. A system of metering liquids for delivery from a source
of Tiquid to a patient comprising:

an intravenous metering device having a pressure measuring
chamber in fluid communication with the liquid;

a pressure pin functionally associated with the pressure
measuring chamber such that changes in the pressure measuring
chamber result in movement of the pressure pin;
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a balanced metal beam in contact with the pressure pin such
that the balanced metal beam moves in response to movement of the
10 pressure pin, the balanced metal beam further providing an
electronic signal which varies as a function of movement of <the
balanced metal beam; and
electronic circuit means for monitoring the balanced metal
beam electronic signal and providing notification when Tiquid flow
15 through the intravenous metering device is precluded and for
monitoring the balanced metal beam electronic signal and providing
notification when gas is present in the intravenous metering device.
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