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1) Family number: 29378058 (US6142008A)
Title: AIR BUBBLE SENSOR

Abstract: A system and a method for detecting the presence of air bubbles in an intravenous (IV) line supplying a medicinal
liquid to a patient. An air bubble sensor includes an ultrasonic transmitter acoustically coupled to an ultrasonic receiver to
detect the presence of a gas (e.g., air) in a portion of a tube comprising the IV line. The transmitter and receiver are
mounted on pivoting transducers that are disposed on opposite sides of the tube. A spring biases the transducers inwardly
toward each other so that the transmitter and receiver contact opposite sides of the tubing. This assembly automatically
accommodates different sizes of tubing and tubing of a relatively wide range of stiffness. The tube is connected to a
disposable pumping cassette that is engaged in a pump chassis on which the transducers are pivotally mounted. A user
actuated plunger on the pump chassis is depressed to cause the transmitter and receiver to move away from the tube when
the pumping cassette is removed from or inserted into the interior of the pump chassis. A controller precisely monitors the
flow of medicinal liquid through the tubing to detect the size of gas bubbles and total volume of gas infused. The controller
automatically compensates for minor contamination of the exterior surface of the tube, e.g., if the surface is wet with a liquid.
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2) Family number: 43491198 (US2009177148A)

Title: SYSTEM AND METHOD FOR DETECTING OCCLUSION USING FLOW SENSOR OUTPUT
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Abstract: A method and system for detecting an inclusion within an infusion system. The method includes monitoring an
output signal of a flowrate sensor as fluid flows through an infusion system. The output signal is then converted with a noise
reduction filter to obtain a filtered output signal. The filtered output signal is compared to a threshold value and an alarm is
activated if the filtered output signal falls below a desired threshold, thereby indicating an occlusion within the infusion
system.
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Title: BREATHING APPARATUS WITH MONITORED DELIVERY DEVICE

Abstract: A breathing apparatus has a first delivery device for adding a volume of a substance to a gas flow, the delivery
device having a gas inlet and a gas outlet. A unit monitors a presence of the substance in a gas downstream the delivery
device using a first sensor unit at the gas outlet that provides a first measurement value based on an acoustic property of a
gas in a first conduit. A second sensor unit at the gas inlet provides a second measurement value based on an acoustic
property of a gas present in the second conduit. A control unit determines the presence of the substance based on the first
measurement value or based on a comparison of the first measurement value and the second measurement value.
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Title: METHOD OF VARYING THE FLOW RATE OF FLUID FROM A MEDICAL PUMP AND HYBRID SENSOR SYSTEM PERFORMING
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Abstract: A system and method of varying the flow rate of fluid from a medical pump through tubing includes determining
an inner diameter of the tubing and fluid flow velocity of fluid in the tubing with a controller based on acoustic signals
received by a capacitive micromachined ultrasonic transducer sensor system and then determining and adjusting a fluid flow
rate of fluid in the tubing with the controller. In addition, the same sensor system also detects air bubbles in the fluid in the
tubing.
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5) Family number: 43047560 (US2009082676A)
Title: ACOUSTIC ACCESS DISCONNECT DETECTION SYSTEM

Abstract: An acoustic access disconnect detection system is useful for detecting when an access needle has become
dislodged or when blood is leaking. The acoustic disconnect detection system includes an acoustic transmitter and one or
more acoustic sensors placed upstream of an access site of a patient, the sensors suitable for generating and detecting an
acoustic signal that is intended to pass unobstructed through the access site. The acoustic transmitter may be placed on a
therapy machine for generating an acoustic signal. The acoustic sensor is mounted downstream of the transmitter, such as
on the therapy machine where blood is pumped to or returned from the patient, on the patient, or on the therapy machine
where blood is entering the therapy machine. The therapy machine, such as a dialysis machine, may be programmed not to
start or continue operation unless the acoustic signal is within certain parameters.
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6) Family number: 57879795 (US2014350513A)

Title: MULTI-SENSOR INFUSION SYSTEM FOR DETECTING AIR OR AN OCCLUSION IN THE INFUSION SYSTEM
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Abstract: An infusion system for being operatively connected to a fluid delivery line and to an infusion container includes a
pump, a plurality of different types of sensors connected to the pump or the fluid delivery line, at least one processor, and a
memory. The plurality of different types of sensors are configured to indicate whether air is in the fluid delivery line. The
memory includes programming code for execution by the at least one processor. The programming code is configured to,
based on measurements taken by the plurality of different types of sensors, determine: whether there is air in the fluid
delivery line; whether there is a partial occlusion or a total occlusion in the fluid delivery line; or a percentage of the air
present in the fluid delivery line or the probability of the air being in the fluid delivery line.
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7) Family number: 45170994 (US2010141460A)
Title: ACOUSTIC FLUID PRESENCE/ABSENCE DETECTION

Abstract: An acoustic sensor detects presence and/or absence of fluid in a fluid delivery medium. The acoustic sensor
detects fluid absence based on the difference of the speed of sound between air and a fluid. For example, the acoustic sensor
may detect fluid absence based on a phase shift between acoustic signals transmitted through the fluid delivery medium
when fluid is present as compared to acoustic signals transmitted through the fluid delivery medium when fluid is absent,
e.g., when air or bubbles are present in the fluid delivery medium.
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