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FOR:

Methods, Circuits, Devices, Apparatuses, Encasements and Systems for

Identifying if a Medical Infusion System is Decalibrated

FIELD OF THE INVENTION

[001] The present invention relates generally to the field of detecting infusion system

decalibration. More specifically, the present invention relates to methods, circuits, devices,

apparatuses and associated computer executable code for detecting infusion system

decalibration and recalibration or self-calibration of infusion systems based on decalibration

test results.

BACKGROUND

[002] Medical devices operate for therapeutic and/or diagnostic uses. Some exemplary

medical devices may include: blood pressure monitors which may monitor a patient's blood

pressure and heart rate, electrical thermometers which may measure a patient's body

temperature and many more.

[003] Some medical devices may administer fluid to a patient via a conduit such as a flexible

tube. Some medical devices may monitor fluid flowing through its system and connected to

one or more of a patient's bodily fluids. For example peristaltic pumps which may be used to

infuse medicines into a vein. In another example, a dialysis machine may pass a patient's

blood through the machine to filter and get rid of toxins and excess fluids.

[004] Some medical devices administering fluid or monitoring fluid may want to control the

rate at which the fluid is flowing within the system. In some medical devices a flow rate may

be achieved by carrying out preliminary tests on the medical device to correlate an expected

flow rate to secondary features of the medical device such as motor rate and more.



[005] A medical device may be used in a hospital, doctor or nurse's office or other medical

treatment centers. Medical devices may also be used at patient's homes or personal

environments.

[006] Medical devices may require periodic recalibration to ensure that the medical device is

operating properly, for example meeting predefined criteria or operating as expected.

[007] Medical devices, including pumping systems, may be periodically recalibrated at an off-

site lab by a technician or otherwise authorized personnel. Such a recalibration process may

cause the medical device to be out of service for several days or weeks until returned from

an off-site lab.

SUMMARY OF THE INVENTION

[008] The present invention includes methods, circuits, devices, apparatus, encasements and

systems for periodically identifying if a medical infusion pumping system has gone out of a

predefined calibration range or has become decalibrated.

[009] The present invention includes an infusion system including a native pumping

mechanism to drive fluids through a functionally associated conduit, at least one native

sensor to sense a physical characteristic of the fluid within the conduit; and computing

circuitry having a decalibration test mode to determine if an infusion system is not within a

predetermined allowable range, and adapted to receive output from said at least one native

sensor during the decalibration testing.

[0010] According to some embodiments, the infusion system may include a native computing

circuitry having a decalibration testing mode for facilitating detection of a decalibrated

state/condition of the pump.

[001 1] According to some embodiments, the infusion system may further include an external

interface to allow connection of the infusion system to a decalibration testing device, which



testing device may carry out/execute the comparisons of the output from at least one native

sensor to an expected decalibration test output/parameter.

[0012] According to some embodiments, the expected decalibration test parameters may be

stored in the testing device, the infusion system and/or an external database accessible by

either the testing device, infusion system or both or otherwise.

[0013] According to some embodiments, the native sensor may be: a pressure sensor, a

bubble detector, a flow meter, an accelerometer, temperature sensor, altitude sensor and

more. A pressure sensor may detect the amount/level of pressure in the tube. A bubble

detector may detect existence of air/gas bubbles above a predetermined threshold. A flow

meter may determine the rate of fluid flowing through the conduit. An accelerometer may

determine the acceleration and/or direction of acceleration of a pumping system. A

temperature sensor may detect the temperature of fluid within the conduit. An altitude sensor

may detect the altitude that the pumping system is in.

[0014] According to some embodiments exemplary decalibration test parameters may

include: expected differences in sensed pressure values which may be dependent on the

distance between marking on a conduit, detection of an air bubble, non-detection of an air-

bubble and more.

[0015] According to some embodiments, ancillary Test Support Apparatuses may be

associated with the infusion system to aid/enable/support tests for determining/ detecting a

decalibrated state/condition of the pump such as: a bubble injector, a fixed volume reservoir,

a line pressure inducer set including a pressure inducer and a predefined line-marked

conduit, a check valve one or more filters and more.

[0016] According to some embodiments, the testing may be carried out on-site periodically

(annually, monthly, weekly, subsequent to an alarm in the pumping system or otherwise) and

may include one or more tests with Ancillary Test Support Apparatuses and a de-calibration



testing appliance (PC) for carrying out the test, measuring results, identifying if the test result

is out of a predefined allowed range, storing the results in said infusion system, and/or said

testing device and/or relaying the results to a server and more. The computer operated

sequence may require assistance by a technician or otherwise authorized personnel for

activating, connecting and operating the test on the pump with the dedicated apparatus. The

dedicated apparatus may be re-usable for a limited or allowed amount of iterations/tests such

as 1,5,25 50 or otherwise.

[0017] According to some embodiments, the infusion system may be characterized by a

unique identifier and/or identification. The decalibration test result of a specific infusion

system may be stored within the infusion system and may be relayed to an external server.

Furthermore, if an infusion system has failed a decalibration test it may be disabled so the

infusion system cannot be re-used until re-calibrated.

[0018] Exemplary infusion systems in accordance with some embodiments of the invention

may include: peristaltic pumps, peristaltic finger pumps (finger pumps), peristaltic rotary

pumps, volumetric pumps, syringe pumps, medical positive displacement pumps (positive

displacement pumps), dosing pumps and more.

[0019] According to some embodiments, an infusion pump may include a native pumping

mechanism to drive fluids through a functionally associated conduit, at least one native sensor

to sense a physical characteristic of the fluid within the conduit and computing circuitry having

a decalibration test mode to determine whether the infusion pump is decalibrated. The

computing circuitry may be adapted to receive output from at least one native sensor during

the decalibration test mode.

[0020] According to some embodiments, the infusion pump may further include an external

interface for a decalibration testing device, which decalibration testing device may carry



out/execute the comparison of the output to an expected decalibration test parameter.

Optionally, the comparison may be used to compute a decalibration testing result.

[0021] According to some embodiments, the infusion pump may include one or more native

sensors such as: a pressure sensor, a bubble detector, an accelerometer, a temperature

sensor, an altitude sensor and/or a flow meter or otherwise. Optionally, the native sensor may

be configured to detect that a predefined volume of fluid has passed through the native

pumping mechanism.

[0022] According to some embodiments, a native pumping mechanism may be classified by a

unique identification and the computing circuitry may be configured to store the unique

identification and/or the decalibration testing result.

[0023] According to some embodiments, an infusion pump decalibration testing system may

include: a pumping mechanism to drive fluids through a functionally associated conduit, at

least one sensor to sense a physical characteristic of the fluid within the conduit, computing

circuitry having a decalibration test mode and adapted to receive output from at least one of

the native sensor(s) during the decalibration testing and compare the output to a predefined

decalibration range and ancillary circuitry to activate a predetermined state on the pumping

mechanism.

[0024] According to some embodiments, a predetermined state may be one or more of the

following: inserting air above a predefined threshold within the pumping mechanism, external

pressure on the pumping mechanism.

[0025] According to some embodiments, a predefined decalibration range may be: a look-up

table of differences in pressure, expected flow rate and/or detection of bubbles or otherwise.

[0026] According to some embodiments, the ancillary circuitry may include a syringe, a check

valve, a predefined line-marked conduit, a container having a known volume capacity which



may be connectable to the conduit and valve or a selection of the recited elements and/or

more.

[0027] According to some embodiments, software for carrying out decalibration testing on an

infusion pump may include computer executable code to: (a) at least partially automatically

activate a pumping mechanism and (b) receive an output from the pumping mechanism

associated with a pumping mechanism native sensor;

computing circuitry to compare the output with a predefined expected decalibration test

parameter and to determine a decalibration test result.

[0028] According to some embodiments, the output may be a termination signal indicating

that a predetermined amount of fluid has passed through the pumping mechanism and the

code may be further configured to receive a cycle number from a counter associated with the

pumping mechanism and to calculate an estimated flow rate.

[0029] According to some embodiments, the cycle number may be: a number of pumping

mechanism cycles completed, number of drops emitted by pumping mechanism and/or length

of active time of pumping mechanism or otherwise.

[0030] According to some embodiments, the output may be two or more sensed pressure

values and the predefined expected decalibration test parameter may be a look-up table of

expected differences in pressure values.

[0031] According to some embodiments, the output may indicate if an air bubble was

detected and the test parameter may be an air bubble detection expected result.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The subject matter regarded as the invention is particularly pointed out and distinctly

claimed in the concluding portion of the specification. The invention, however, both as to

organization and method of operation, together with objects, features, and advantages



thereof, may best be understood by reference to the following detailed description when read

with the accompanying drawings in which:

[0033] Fig. 1A is a functional block diagram of an exemplary infusion system according to

some embodiments of the present invention where decalibration testing may be achieved by

control circuitry integral with the pump;

[0034] Fig. 1B is a functional block diagram of an exemplary infusion system according to

some embodiments of the present invention where decalibration testing is achieved in

conjunction with control circuitry connected to the pump through an external interface;

[0035] Fig. 2A is a flowchart including the steps of an exemplary method by which an infusion

system according to some embodiments of the present invention may perform a decalibration

test relating to bubble detection;

[0036] Fig. 2B is a functional block diagram showing an exemplary arrangement, including

the pump and ancillary apparatus, with which an infusion system according to some

embodiments of the present invention may perform a decalibration test relating to bubble

detection;

[0037] Fig. 3A is a flowchart including the steps of an exemplary method by which an infusion

system according to some embodiments of the present invention may perform a decalibration

test relating to flow rate;

[0038] Fig. 3B is a functional block diagram showing an exemplary arrangement, including

the pump and ancillary apparatus, with which an infusion system according to some

embodiments of the present invention may perform a decalibration test relating to flow rate;

[0039] Fig. 4A is a flowchart including the steps of an exemplary method by which an infusion

system according some embodiments of the present invention may perform a decalibration

test relating to fluid pressure;



[0040] Fig. 4B is a functional block diagram showing an exemplary arrangement, including

the pump and ancillary apparatus, with which an infusion system according to some

embodiments of the present invention may perform a decalibration test relating to fluid

pressure; and

[0041] Fig. 5 is a flowchart including the steps of an exemplary method by which an infusion

system according to some embodiments of the present invention may perform self-calibration

based on decalibration test results.

[0042] It will be appreciated that for simplicity and clarity of illustration, elements shown in the

figures have not necessarily been drawn to scale. For example, the dimensions of some of

the elements may be exaggerated relative to other elements for clarity. Further, where

considered appropriate, reference numerals may be repeated among the figures to indicate

corresponding or analogous elements.

DETAILED DESCRIPTION

[0043] In the following detailed description, numerous specific details are set forth in order to

provide a thorough understanding of the invention. However, it will be understood by those

skilled in the art that the present invention may be practiced without these specific details. In

other instances, well-known methods, procedures, components and circuits have not been

described in detail so as not to obscure the present invention.

[0044] Unless specifically stated otherwise, as apparent from the following discussions, it is

appreciated that throughout the specification discussions utilizing terms such as "processing",

"computing", "calculating", "determining", or the like, refer to the action and/or processes of a

computer or computing system, or similar electronic computing device, that manipulate

and/or transform data represented as physical, such as electronic, quantities within the

computing system's registers and/or memories into other data similarly represented as



physical quantities within the computing system's memories, registers or other such

information storage, transmission or display devices.

[0045] Embodiments of the present invention may include apparatuses for performing the

operations herein. This apparatus may be specially constructed for the desired purposes, or it

may comprise a general purpose computer selectively activated or reconfigured by a

computer program stored in the computer. Such a computer program may be stored in a

computer readable storage medium, such as, but is not limited to, any type of disk including

floppy disks, optical disks, CD-ROMs, magnetic-optical disks, read-only memories (ROMs),

random access memories (RAMs) electrically programmable read-only memories (EPROMs),

electrically erasable and programmable read only memories (EEPROMs), magnetic or optical

cards, or any other type of media suitable for storing electronic instructions, and capable of

being coupled to a computer system bus.

[0046] The processes and displays presented herein are not inherently related to any

particular computer or other apparatus. Various general purpose systems may be used with

programs in accordance with the teachings herein, or it may prove convenient to construct a

more specialized apparatus to perform the desired method. The desired structure for a

variety of these systems will appear from the description below. In addition, embodiments of

the present invention are not described with reference to any particular programming

language. It will be appreciated that a variety of programming languages may be used to

implement the teachings of the inventions as described herein.

[0047] A native element or a machine may include elements or apparatuses that are included

within the machine, embedded within the machine, internal to the machine and/or used for

regular operation of the machine or otherwise.



[0048] The present invention includes methods, circuits, devices, apparatus, encasements

and systems for periodically identifying if a medical infusion pumping system has gone out of

a predefined calibration range or has become decalibrated.

[0049] The present invention includes an infusion system including a native pumping

mechanism to drive fluids through a functionally associated conduit, at least one native

sensor to sense a physical characteristic of the fluid within the conduit; and computing

circuitry having a decalibration test mode to determine if an infusion system is not within a

predetermined allowable range, and adapted to receive output from said at least one native

sensor during the decalibration testing.

[0050] According to some embodiments, the infusion system may include a native computing

circuitry having a decalibration testing mode for facilitating detection of a decalibrated

state/condition of the pump.

[0051] According to some embodiments, the infusion system may further include an external

interface to allow connection of the infusion system to a decalibration testing device, which

testing device may carry out/execute the comparisons of the output from at least one native

sensor to an expected decalibration test output/parameter.

[0052] According to some embodiments, the expected decalibration test parameters may be

stored in the testing device, the infusion system and/or an external database accessible by

either the testing device, infusion system or both or otherwise.

[0053] According to some embodiments, the native sensor may be: a pressure sensor, a

bubble detector, a flow meter, an accelerometer, temperature sensor, altitude sensor and

more. A pressure sensor may detect the amount/level of pressure in the tube. A bubble

detector may detect existence of air/gas bubbles above a predetermined threshold. A flow

meter may determine the rate of fluid flowing through the conduit. An accelerometer may

determine the acceleration and/or direction of acceleration of a pumping system. A



temperature sensor may detect the temperature of fluid within the conduit. An altitude sensor

may detect the altitude that the pumping system is in.

[0054] According to some embodiments exemplary decalibration test parameters may

include: expected differences in sensed pressure values which may be dependent on the

distance between marking on a conduit, detection of an air bubble, non-detection of an air-

bubble and more.

[0055] According to some embodiments, ancillary Test Support Apparatuses may be

associated with the infusion system to aid/enable/support tests for determining/ detecting a

decalibrated state/condition of the pump such as: a bubble injector, a fixed volume reservoir,

a line pressure inducer set including a pressure inducer and a predefined line-marked

conduit, a check valve one or more filters and more.

[0056] According to some embodiments, the testing may be carried out on-site periodically

(annually, monthly, weekly, subsequent to an alarm in the pumping system or otherwise) and

may include one or more tests with Ancillary Test Support Apparatuses and a de-calibration

testing appliance (PC) for carrying out the test, measuring results, identifying if the test result

is out of a predefined allowed range, storing the results in said infusion system, and/or said

testing device and/or relaying the results to a server and more. The computer operated

sequence may require assistance by a technician or otherwise authorized personnel for

activating, connecting and operating the test on the pump with the dedicated apparatus. The

dedicated apparatus may be re-usable for a limited or allowed amount of iterations/tests such

as 1,5,25 50 or otherwise.

[0057] According to some embodiments, the infusion system may be characterized by a

unique identifier and/or identification. The decalibration test result of a specific infusion

system may be stored within the infusion system and may be relayed to an external server.



Furthermore, if an infusion system has failed a decalibration test it may be disabled so the

infusion system cannot be re-used until re-calibrated.

[0058] Exemplary infusion systems in accordance with some embodiments of the invention

may include: peristaltic pumps, peristaltic finger pumps (finger pumps), peristaltic rotary

pumps, volumetric pumps, syringe pumps, medical positive displacement pumps (positive

displacement pumps), dosing pumps and more.

[0059] Turning now to Fig. 1A, depicted is a functional block diagram ( 100) of an exemplary

infusion system, such as infusion pump 102, according to some embodiments of the present

invention where decalibration testing may be achieved by control circuitry integral with the

pump. Infusion pump 102 may include an electrically controllable pumping mechanism such

as pumping mechanism 104. Pumping mechanism 104 may be configured to pump fluid

through a tube associated with pumping mechanism 104 so that fluids are subsequently

administered to a patient. Pumping mechanism 104 may be driven/ operated or activated by

a driving circuit such as pumping mechanism driving circuit 106 which may operate in a

mechanical mode, electrical mode or combination thereof or otherwise. Infusion pump 102

may further include one or more sensors such as sensor 108 which may be configured to

monitor/ sense/ detect a physical characteristic of the fluid flowing through a tube associated

with pumping mechanism 104 or a physical characteristic associated with operation of

pumping mechanism 104. The physical characteristics sensed by sensor 108 may include:

presence of air bubbles higher than a predefined threshold, fluid pressure in the line/tube,

flow rate, flow accuracy and/or number of cycles or time to complete a predefined criteria or

counting of drops/singular volumes of fluid in a predefined time frame, acceleration of the

pumping mechanism, temperature of the fluid, altitude associated characteristics and more.

Sensor 108 may be driven by a driving circuit such as sensor driving circuit 110 configured to

electrically activate/deactivate sensor 108. Infusion pump 102 may further include one or



more functionally associated controllers such as internal controller 112 . Controller 112 may

be configured to control, monitor, adjust and store information associated with operation of

infusion pump 102. Accordingly, controller 112 may include a pumping mechanism control

( 1 14) configured to control, activate, de-activate, adjust and more the operation of pumping

mechanism 104 via pumping mechanism driving circuits 106. Controller 112 may further

include a sensor output monitor ( 1 16) to receive information and/or data from the sensors

and detect a physical characteristic of the fluid flowing through the associated tube.

Controller 112 may further include a detector such as decalibration detector 118 configured

to receive and/or store sensor output information from sensor output monitor 116 as well as

predefined parameters, expected decalibration test parameters allowable ranges, pump data

associated with a decalibration state and determine if infusion pump 102 is decalibrated and

may emit a signal or warning if infusion pump 102 requires recalibration as well as disable

infusion pump 102 if detected as decalibrated so that the pump will not be used medically

until recalibrated, store the test results within infusion pump 102 and/or send an external

message to an external server with the decalibration test results. Sensor output monitor 116

may further signal/relay information to pumping mechanism control 114 so that pumping

mechanism control 114 may adjust driving signals to pumping mechanism 104. Decalibration

detector 118 may cause the pump to recalibrate for example, by adjusting driving signals to

pumping mechanism 104 or sensor 108.

[0060] According to some embodiments, infusion pump 102 may further include a display

such as display 119 which may be a an electronic display such as: LCD display, LED display,

touchscreen or a physical copy (such as a piece of paper) or otherwise and may be

configured to be an output device to display messages and information from controller 112 .

According to some embodiments, display 119 may also serve as an input device to receive



input information from a user or technician and relay the received information or parameters

to controller 112 .

[0061] According to some embodiments, during a standby mode, pumping mechanism 104,

sensor 108, pumping mechanism driving circuits 106 and sensor driving circuits 110 may be

disabled. Controller 112 may be in a standby or low-power mode and may await an initiation

or start input.

[0062] According to some embodiments, during an operation programing and initiation mode

controller 112 may receive operation parameters such as flow rate, total amount of fluid to be

administered via an associated tube, length of treatment and/or otherwise. Pumping

mechanism control 114 may receive information associated with the operation point

parameters such as duty cycle of pump operation and more and may activate pumping

mechanism driving circuit 106 to subsequently operate pumping mechanism 104 according to

the input operation point parameters. Sensor output monitor 116 may initiate/enable sensor

driving circuit 110 to subsequently enable or activate sensor 108 to detect initiation situations

such as free flow, air bubbles, flow rate, conclusion of priming and more. Sensor output

monitor 116 may receive feedback from sensor 108 via sensor driving circuit 110 and may

modify pumping mechanism 104 via pumping mechanism control 114, for example disable

pumping mechanism 104 if free flow is detected.

[0063] According to some embodiments, during a pumping mode, pumping mechanism

control 114 may continuously activate pumping mechanism 104 via pumping mechanism

driving circuits 106 according to predefined input operation parameters (flow rate, length of

treatment and more). Sensor output monitor may receive feedback from sensor 108 and

notify when an unwanted situation is sensed such as free flow, higher or lower than expected

flow rate, air bubbles are detected and more. Sensor output monitor 116 may optionally,

utilize the feedback from sensor 108 to adjust pumping mechanism circuits 106 so that



pumping mechanism 104 pumps fluid through an associated tube according to the predefined

input operation parameters. For example, if an input parameter is defined so that pumping

mechanism 104 pumps fluid through an associated tube at a given rate, however sensor 108

sends feedback to sensor output monitor 116 that the flow rate is lower than expected then

pumping mechanism control 114 may adjust pumping mechanism driving circuits 106 to

correct the operation of pumping mechanism 104 so that the given rate is achieved.

[0064] According to some embodiments, during decalibration testing a predefined test with

predetermined action may be implemented on infusion pump 102, resulting in a characteristic

which may be sensed at sensor 108 or triggered by sensor 108 and may be compared by

decalibration detector 118 to a range of acceptable values for that test.

[0065] According to some embodiments, in a decalibration testing mode to check improper

functioning or decalibration of infusion pump 102, wherein in this example sensor 108 is a

bubble detector, a predetermined amount of air bubbles may be inserted into a tube

associated with infusion pump 102. If the air bubbles are detected by sensor 108, then

decalibration detector 118 may recognize that sensor 108, air bubble detector in this

example, is intact and/or that infusion pump 102 is calibrated and/or in need of recalibration.

[0066] According to some embodiments, in a decalibration testing mode to check improper

functioning or decalibration of infusion pump 102, wherein in this example sensor 108 is a

pressure sensor, a predetermined pressure may be applied, optionally, proximal to the end of

a tube associated with infusion pump 102. The change in pressure may be detected by

sensor 108, then decalibration detector 118 may recognize if the pressure sensed at sensor

108 is in accordance with a predefined table of expected changes in pressure and

accordingly, determine if infusion pump 102 is calibrated and/or in need of recalibration.

[0067] According to some embodiments, in a decalibration testing mode to check improper

functioning or decalibration of pump 102, wherein in this example sensor 108 is a flow-rate



sensor, the infusion pump may be activated so that pumping mechanism 104 is operated so

that a specific flow rate of fluid is expected in a tube associated with infusion pump 102.

Actual flow rate may be detected by sensor 108, then decalibration detector 118 may

recognize if the achieved flow rate at sensor 108 is in accordance with a predefined range of

flow rates and accordingly, determine if infusion pump 102 is calibrated and/or in need of

recalibration.

[0068] According to some embodiments, in a decalibration testing mode to check improper

functioning or decalibration of pump 102, wherein in this example sensor 108 is a pressure

sensor or air detector, the infusion pump may be activated so that pumping mechanism 104

is operated so that a specific flow rate of fluid is expected in a tube associated with infusion

pump 102. Pumping mechanism controller 114 may count or store the number of cycles or

number of drops emitted by the pump or length of time the test is active. Sensor 108 may

sense when an occlusion is detected at the end of the tube signaling that a container

connected to the tube is full or may sense air has entered into the system signaling that the

reservoir is empty. Decalibration detector 118 may calculate the average or estimated flow

rate, recognize if the achieved flow rate at sensor 108 is in accordance with a predefined

range of flow rates and accordingly, determine if infusion pump 102 is calibrated and/or in

need of recalibration.

[0069] According to some embodiments, an additional or supplemental sensor to sensor 108

may be added such as an external sensor to initiate a termination signal to indicate that the

test has concluded and flow rate/accuracy should be calculated. For example a sensor at the

reservoir can indicate it is empty or a sensor at the container can indicate that it is full or

otherwise. Decalibration detector 118 may receive the termination signal and calculate the

flow rate or accuracy accordingly.



[0070] According to some embodiments, decalibration detector 118 may determine if infusion

pump 102 is calibrated and/or in need of recalibration in accordance with one or more

predefined tests such as bubble detection, pressure sensing, flow rate, flow accuracy and

more.

[0071] According to some embodiments, controller 112 may relay results of a decalibration

test to an external server, for example so that results of several pumps can be stored for

statistical purposes, so that an external party can monitor intactness of one or more infusion

pumps and more.

[0072] According to some embodiments, Controller 112 may be a single or multiple

controllers and sensor output monitor 116, pumping mechanism 114 and decalibration

detector 118 may be onboard, embedded together or otherwise.

[0073] Turning now to Fig. 1B depicted is a functional block diagram of an exemplary infusion

pump (140), according to some embodiments where decalibration testing is achieved in

conjunction with control circuitry connected to the pump through an external interface such as

external controller 162. It is understood that elements 142-1 56 and 159 are substantially

similar to elements 102-1 16 and 119 (accordingly) of Fig. 1A as well as the interaction

between these elements as described above. Infusion pump 142 may further include external

interface 160 configured to receive information from and relay sensor feedback to an external

decalibration detector such as decalibration detector 158. External interface 160 may further

enable receiving test information

[0074] According to some embodiments, during a decalibration testing a predefined test with

predetermined action may be implemented on infusion pump 142, resulting in a characteristic

which may be sensed at sensor 148 or triggered by sensor 148 and may be relayed to

external decalibration detector 158 via external interface 160 and compared at external

decalibration detector 158 to a range of acceptable values for that test. Furthermore, internal



controller may receive input from external controller 162 with operation parameters or inputs

to activate and carry out decalibration test modes. Decalibration testing results may further

be stored in external controller 162, relayed to and stored within internal controller 152 and/or

relayed to an external server. External controller 162 may be embedded in a PC, hand-held

device, dedicated circuitry or otherwise.

[0075] According to some embodiments, external controller 162 may further include an

external display such as external display 164 which may be a LCD display, LED display,

touchscreen, or otherwise and may be configured to be an output device to display

messages and information from external controller 162 as well as an input device to receive

input information from a user or technician and relay the received information or parameters

to external controller 62.

[0076] According to some embodiments, in a decalibration testing mode to check proper

functioning of infusion pump 142, wherein in this example sensor 148 is a flow-rate sensor,

infusion pump 142 may be activated by inputs received via external interface 160 so that

pumping mechanism 144 is operated so that a specific flow rate of fluid is expected in a tube

associated with infusion pump 142. Actual flow rate may be detected by sensor 148, then

decalibration detector 158 may recognize if the achieved flow rate at sensor 148 is in

accordance with a predefined range of flow rates and accordingly, determine if infusion pump

142 is calibrated or in need of recalibration.

[0077] According to some embodiments, in a decalibration testing mode to check proper

functioning of infusion pump 142, wherein in this example sensor 148 is a pressure sensor,

infusion pump 142 may be activated by inputs received via external interface 160 so that

pumping mechanism 144 is operated so that a specific flow rate of fluid is expected in a tube

associated with infusion pump 142. Pumping mechanism controller 154 may count or store

the number of cycles of pumping mechanism 144 or number of drops emitted by pumping



mechanism 144. A container may be connected at the distal end of the tube/conduit and an

end-of-tube/conduit (or distal end) occlusion may be detected by sensor 148, then

decalibration detector 158 may calculate the average flow rate (for example, the total volume

of the container divided by the time it took to fill or the number of cycles until occlusion or

otherwise) and calculate/determine/recognize if the achieved flow rate is in accordance with a

predefined range of flow rates and accordingly, determine if infusion pump 142 is calibrated

or in need of recalibration

[0078] According to some embodiments, internal controller 152 may be a single or multiple

controllers and sensor output monitor 156, pumping mechanism 154 may be onboard,

embedded together or otherwise. External controller 162 may be a single or multiple

controllers and decalibration detector 118 may be onboard, embedded or otherwise

connected to other elements of external controller 162.

[0079] Turning now to Fig. 2A, shown is a flowchart (300) including the steps of an exemplary

method by which an infusion pump according to some embodiments of the present invention

may perform a decalibration test relating to bubble detection. For clarity reference will also be

made to Fig. 2B depicting is a functional block diagram showing an exemplary arrangement

(340), including the pump and ancillary apparatus, with which an infusion pump according to

some embodiments of the present invention may perform a decalibration test relating to

bubble detection. Although the current embodiment describes a test running on one infusion

pump it is understood that a controller may connect to one or more infusion pumps and the

test may be run automatically on several pumps in parallel.

[0080] According to some embodiments, an operating controller to carry out the decalibration

test may either be installed or activated on an internal controller of an infusion pump, such as

infusion pump 342. Infusion pump 342 may optionally be connected or include an interface to

an external controller such as external controller 343 which may at least partially control or



initiate running of the test. A combination of internal and external controllers is also

understood (step 301 ) . Infusion pump 342 may further be associated or connected to an

external server or configured to communicate with an external server.

[0081] According to some embodiments, arrangement 340 may include infusion pump 342

which may be connected to a reservoir such as reservoir 344 which may be, for example, a

bag filled with water or saline or otherwise. A flexible tube such as conduit 346 may connect

reservoir 344 to infusion pump 342. Arrangement 340 may further include an administration

cassette or housing to mechanically connect conduit 346 to infusion pump 342, however

many additional configurations may be applicable. Initially, when the 3 elements mentioned

above (reservoir, infusion pump and conduit) are connected, priming of the arrangement and

verification of priming (step 302) may be carried out to ensure that the arrangement is clean

and/or prepared before experimentation, for example, ensuring that there is no air in the

system. Step 302 may be carried out automatically by infusion pump 342, an external

controller associated with infusion pump 342 or manually by a technician or user. Ancillary

apparatus may now be connected to the arrangement (step 304) such as connecting a port

such as port 348 to conduit 346 between reservoir 344 and infusion pump 342 and a syringe

such as syringe 350 to conduit 346 via port 348. Port 348 may, for example, be a Y-

connection or a spike with cap or otherwise. Syringe 350 may be a standard male-luer lock

syringe or a female type syringe, a range of volumes of the syringe may be usable such as

any syringe with a volume of 1-60 ml. Optionally, a container such as container 352 may be

connected to the distal end of conduit 346 to receive any fluids flowing through arrangement

340.

[0082] According to some embodiments, step 304 may be removed/skipped/replaced by

inserting air in a different manner into the system. For example, reservoir 344 may be flipped

over so that air at the top of the reservoir enters conduit 346 or otherwise. In such an



example the ancillary elements of Fig. 2B such as port 348 and syringe 350 may be

unnecessary.

[0083] According to some embodiments, after the ancillary apparatus is connected (step 304)

infusion pump 342 may be automatically activated to simulate or emulate normal activity of

the pump (step 306), for example the pump may be activated at a predetermined rate such

as 600 ml/hour, 100 ml/hour, 1 liter per hour or otherwise or optionally, a technician or user

may be instructed to activate the pump at a predefined rate. Automatic activation of infusion

pump 342 may optionally be initiated after air is inserted into the system as described below.

[0084] According to some embodiments, air may be inserted via syringe 350 to conduit 346

automatically by an electro-mechanical controller connected to the syringe or manually by a

technician or user (step 308). A broad range of amounts of air to be inserted may be

applicable and the exact amount of air may not be significant, but rather that the amount of

air inserted is above a predefined threshold such as 0.1 ml, 1ml, 5ml or otherwise. The

threshold of amount of air to be inserted may be defined so that it is substantially/significantly

above the minimal resolution of air detection as determined by the specification and/or design

of the relevant sensor in infusion pump 342. For example, the threshold amount of air to be

inserted may be defined so that a detected air bubble is significant enough as not to be

considered as background or accidental noise. If an air bubble is detected, the result is

output (step 3 12) via a controller (internal or external to infusion pump 342) to the user (for

example on a display associated with infusion pump 342) and/or may be relayed to an

external server. The test result may be used either internally or externally to determine if

infusion pump 342 requires recalibration or not. Along with the test results which may be

relayed to an external server, the event log associated with infusion pump 342 may also be

sent to the external server including actions and operations of infusion pump 342 which may



be used to analyze statistical tests associated with infusion pump 342 and more infusion

pumps, as well as study and analyze infusion pump 342 specifically.

[0085] According to some embodiments, if an air bubble has not been detected (step 310) for

over a predetermined amount of time (For example 10 se , 30 sec, 2 min. or 10 min.)

infusion pump 342 may output manual checks to be confirmed such as: confirm if air was

indeed inserted, confirm syringe 350 was indeed connected to the system and more (step

314). Manual tests and checks to determine if the test should be re-administered may be

output to the user (step 3 16) for example, if air was not inserted or a different fault or mistake

has occurred the test may be restarted (step 304), however if the test was administered

unsuccessfully several times, or air has not been detected despite the test being

administered correctly this result may be output as well (step 3 12).

[0086] Turning now to Fig. 3A, shown is a flowchart (400) including the steps of an exemplary

method by which an infusion pump according to some embodiments of the present invention

may perform a decalibration test relating to flow rate. Reference will also be made to Fig. 3B

depicting a functional block diagram showing an exemplary arrangement (440), including the

pump and ancillary apparatus, with which an infusion pump according to some embodiments

of the present invention may perform a decalibration test relating to flow rate. Elements 442-

446 are understood to be substantially similar to elements 342-346 (accordingly) of Fig. 2B,

and steps 401 and 402 are understood to be substantially similar to steps 301 and 302

(accordingly) of Fig. 2A.

[0087] According to some embodiments, after priming has been confirmed (step 402)

ancillary apparatus for the flow rate test may be connected (step 404) to elements 442-446 of

arrangement 440. Accordingly, a container of a predetermined total volume such as container

448 may be configured to receive fluids from reservoir 444 via infusion pump 442. Container

448 may optionally, be sealed with a cap such as cap 450, or may include a faucet or valve



to enable subsequent draining or may not include either (for example if container 448 is a

burette). For example, an exemplary container marked as a 120 ml container may actually be

able to contain 13 1ml when taking into account the volume in the neck of the bottle. Different

sizes of containers can be utilized such as 50ml, 200ml, 400ml, 1 liter or otherwise. Cap 450

may include 2 ports such as port 452 and port 456. Port 452 may be connected to a vented

valve such as valve 454 to ensure that air trapped in the container can be released so that

the container can be completely filled with fluid. Valve 454 may be selected from a wide

range of apparatuses allowing for air to be dispersed and liquid to be contained or locked

within the container or otherwise. Valve 454 may further include a stem which may ensure

minimal leaks from the attachment point. Valve 454 may be a disposable filter. Container 448

may be connected to conduit 446 via port 456. It is understood that port 456 and port 454

may be identical and as such may be interchangeable so that conduit 446 is connected to

container 448 via port 452. Port 456 and port 454 may be positioned at an angle within a

predetermined range so that easy handling (connecting and disconnecting) of valve 454 and

conduit 456 may be achieved. Cap 450 may further include a hanger or hook such as hanger

458, to allow the container-cap assembly to be hung and positioned upright so that air in the

container can be fully disperse and aid in keeping valve 454 dry.

[0088] According to some embodiments, once the ancillary circuitry has been connected an

automatic test may be initiated on infusion pump 442 (step 406). Accordingly, the pump may

run at a predetermined rate (such as 300 ml/hr, 600 ml/hr, 1 liter/hr or otherwise). If container

448 is detected as full (step 408) accordingly, the estimated or average flow rate is calculated

(for example by dividing the fluid container volume by the amount of time it took to be

filled/number of cycles infusion pump 442 has concluded for the downstream occlusion to be

detected).



[0089] According to some embodiments, container 448 may be detected as full if an

occlusion is detected downstream, a fluid sensor associated with container 448 may signal

that fluid has reached a predefined volume. Additional termination criteria can be designed to

electronically signal that a predefined volume has passed through infusion pump 442 and an

average flow rate may be calculated (step 4 10) and the result is output (step 3 12) via a

controller (internal or external to infusion pump 442) to the user.

[0090] According to some embodiments, if the calculated flow rate is substantially different

from the expected flow rate (the predetermined flow rate at which infusion pump 442 was

activated) or if no occlusion was detected within a predetermined time frame or if an error in

the test is otherwise suspected (step 4 12) then manual checks to be carried out may be

output on a display associated with infusion pump 442 (step 4 16). For example, if an

occlusion was detected substantially earlier than expected, a technician or user may be

asked to verify that valve 454 is not wet or jammed and that container 448 is positioned

upright. In another example, if an occlusion was not detected in a predetermined time frame,

a user or technician may be instructed to verify that neither the container nor the valve are

leaking and that conduit 446 is indeed connected to container 448 via port 456. Based on

user's input as well as additional information (amount of times the test has failed, and more) it

may be determined if the test needs to be re-administered or not (step 418). If the test need

not be re-administered then the results are output (step 414) similar to step 3 12 of Fig. 2A.

Otherwise, the test may be re-administered (step 404).

[0091] Turning now to Fig. 4A, shown is a flowchart (500) including the steps of an exemplary

method by which an infusion pump according some embodiments of the present invention

may perform a decalibration test relating to fluid pressure. Reference will also be made to

Fig. 4B depicting a functional block diagram showing an exemplary arrangement, including

the pump and ancillary apparatus (540), with which an infusion pump according to some



embodiments of the present invention may perform a decalibration test relating to fluid

pressure. Elements 542-550 are understood to be substantially similar to elements 342-350

(accordingly) of Fig. 2B, and steps 501 and 502 are understood to be substantially similar to

steps 301 and 302 (accordingly) of Fig. 2A. According to some embodiments, after priming

has been confirmed (step 502) ancillary apparatus for the fluid pressure test may be

connected (step 504) to elements 542-546 of arrangement 540. Accordingly, a check valve

such as check valve 554 may be connected to or embedded within conduit 546. Additional

ports or connectors may be utilized to connect or attach check valve 554 to conduit 546. A

pressure inducer, which in an exemplary embodiment may be substantially similar to syringe

350 of Fig. 2B may be connected to check valve 554 via a port such as port 548. Check valve

554 may be configured to ensure that air, gas, oil and/or any other pressure inducing material

or substance which can be distinguished from the liquid emitted from reservoir 544 can be

pushed/pressured/pressed into conduit 546 but cannot be released from conduit 546 via

check valve 554. Optionally, check valve 554 may be selected or configured so that only

when placed correctly syringe 550 can connect to it, for example if syringe 550 is male-type

then check valve 554 may be chosen so that when positioned correctly (air is allowed to

enter but not exit) syringe 550 can be connected. Furthermore, although a configuration

including check valve 554 is preferable, flowchart 500 may be carried out without check valve

554. Optionally, syringe 550 may be a one-directional syringe to prevent pressure from

releasing via the syringe.

[0092] According to some embodiments, an at least partially automatic test on infusion device

may be initiated (step 506) so that infusion pump 542 is configured to operate in a pressure

test mode (for example, activate pressure sensor and more). Syringe 550 may be utilized to

insert air into conduit 546. A user or technician may be instructed to insert air into conduit 546

until air reaches a first mark on conduit 546such as mark 552a (step 508) after which the



user/technician may confirm this action (step 5 10). Accordingly, the user/technician may

repeat this sequence (insert air and confirm) several times, for example, a total of three

iterations (steps 5 12-51 8). Each mark may be determined or set in a way that insertion of air

up to that line is expected to generate a predetermined pressure rise in conduit 546,

(providing the test was setup correctly, for example conduit 546 was primed at beginning of

test). The pressure rise may be derived from the measurements of conduit 546 and the

spaces between marks 552a, 552b and 552c.

[0093] According to some embodiments, Infusion pump 542 may compare the measured

differences in the detected pressure in the infusion pump to expected differences in an

associated look-up table or map (step 521 ) . During execution of the test (step 508-51 8) if a

user or technician did not insert air within a predetermined time T, or they missed the mark or

do not confirm reaching the mark or otherwise decide to abort the specific test (step 520)

then the test may be restarted (step 502). Predetermined time T may be, for example, 30

seconds, 1 minute, 2 minutes or otherwise. If the measured results vary substantially from

the expected results (step 522), infusion pump 542 may output onto an associated display a

list of checks/tests and verifications (step 526) for example: verify that check valve 554 is in

the correct direction, confirm there is no leaking, that air has indeed been inserted into the

system and the amount of cycles the results are unsatisfactory. If the results are satisfactory

(within a predefined range, close to the predefined range or the retesting is not required (step

528)) the results may be output (step 524). Step 524 is understood to be substantially similar

to step 3 12 of Fig. 2A. If the additional or re-running of the test is required than the test may

be re-started (step 502).

[0094] According to some embodiments, the sequences described above in Fig. 2A, 3A and

4A may be carried out in sequence and/or modified to be carried out in sequence and

additional tests may be understood. The final result determining if recalibration is needed



may be defined by a combination of some or all of the output results of steps 3 12, 414 and

524 or by a single result. When carried out in sequence, some of the steps may be

redundant, for example not all sequences may need to be initiated with priming or otherwise.

The associated circuitry in figures 2B, 3B and 4B may be modified so that the tests may be

carried out in sequence. Additional elements for purposes of connectivity may be understood.

Some elements for easy handling of the test may be added and choice of female or male

ports may be designated based on connectivity to other elements. Accordingly a female type

port may be chosen for a test utilizing a male type syringe.

[0095] According to some embodiments, an optimal sequence or order of administrating two

or more of the tests described above may be considered preferable, for example, ensuring a

pressure sensor is not decalibrated and then carrying out a flow rate test utilizing the

pressure sensor may be preferable.

[0096] According to some embodiments, the ancillary apparatus of fig. 2B, 3B and/or 4B may

be supplied separately or as a kit. Furthermore, a group of elements within the ancillary

apparatus may be supplied as a kit while other elements (such as a reservoir, syringe) may

be standard elements not supplied but assumed to be accessible to a user or technician in a

regular environment (such as a hospital, medical care facility, home or otherwise). The

ancillary apparatus may be disposable or limited in number of uses.

[0097] Turning now to Fig. 5 shown is a flowchart (600) including the steps of an exemplary

method by which an infusion pump according to some embodiments of the present invention

may perform self-calibration based on decalibration test results. An infusion pump or

associated control circuitry may receive or calculate/determine decalibration test results (602)

and compare them with a range of acceptable and/or expected results (step 604). If the

decalibration test results are within the range of acceptable results (step 606) then the pump

may be designated as a calibrated pump and/or a pump that does not require recalibration



(step 608) and can be returned to regular medical use of the pump. If the decalibration test

results are not within the predefined acceptable range but are within a secondary allowable

predefined range (step 6 10) then the pump may be self-calibrated (step 6 12). If the test

results are outside of the secondary allowable predefined range then the infusion pump may

be sent to a lab to be thoroughly recalibrated (step 614).

[0098] According to some embodiments, self-calibration may include: changing or updating

parameters or lookup table(s) such as a look-up table of pressure measurements, look-up

table of flow accuracy and/or parameters or coefficients of functions associated with one or

more native sensors and/or perform automatic recalibration of an air-bubble detector.

[0099] According to some embodiments, a technician may input a code or identification to

allow running of some or all of the decalibration tests. Identity of technician may be further

stored in the pumping system.

[00100] While certain features of the invention have been illustrated and described

herein, many modifications, substitutions, changes, and equivalents will now occur to those

skilled in the art. It is, therefore, to be understood that the appended claims are intended to

cover all such modifications and changes as fall within the true spirit of the invention.



Claims

What is claimed:

1. An infusion pump comprising:

a native pumping mechanism to drive fluids through a functionally associated conduit;

at least one native sensor to sense a physical characteristic of the fluid within the

conduit; and

computing circuitry having a decalibration test mode to determine whether the infusion

pump is decalibrated, wherein said computing circuitry is adapted to receive output

from said at least one native sensor during said decalibration test mode.

2 . The infusion pump according to claim 1, further comprising an external interface for a

decalibration testing device, which decalibration testing device does the comparison of

the output to an expected decalibration test parameter.

3 . The infusion pump according to claim 2, wherein said comparison is used to compute

a decalibration testing result.

4 . The infusion pump according to claim 1 wherein said native sensor is a pressure

sensor

5 . The infusion pump according to claim 1, wherein said native sensor is a bubble

detector.

6 . The infusion pump according to claim 1, wherein said native sensor is selected from

the group consisting of: an accelerometer, a temperature sensor, an altitude sensor

and a flow meter,

7 . The infusion pump according to claim 1, wherein said native sensor is to detect that a

predefined volume of fluid has passed through said native pumping mechanism.

8 . The infusion pump according to claim 1, wherein said native pumping mechanism is

classified by a unique identification and said computing circuitry is configured to store

said unique identification and said decalibration testing result.

9 . An infusion pump decalibration testing system, comprising:

a pumping mechanism to drive fluids through a functionally associated conduit;

at least one sensor to sense a physical characteristic of the fluid within the conduit;

computing circuitry having a decalibration test mode and adapted to receive output

from said at least one native sensor during the decalibration testing and compare said

output to a predefined decalibration range; and

ancillary circuitry to activate a predetermined state on said pumping mechanism.



10 .The testing system of claim 9, wherein said predetermined state is selected from the

group consisting of: inserting air above a predefined threshold within said pumping

mechanism, external pressure on said pumping mechanism.

11.The system according to claim 9 wherein said sensor is a pressure sensor

12 .The system according to claim 9, wherein said sensor is a bubble detector.

13 .The system according to claim 9, wherein said predefined decalibration range is

selected from the group consisting of: a look-up table of differences in pressure,

expected flow rate and detection of bubbles.

14. The system according to claim 9, wherein said ancillary circuitry further comprises a

syringe, a check valve and a predefined line-marked conduit.

15 .The system according to claim 9 wherein said ancillary circuitry is a container having a

known volume capacity, wherein said container is connectable to said conduit and a

valve.

16 .Software for carrying out decalibration testing on an infusion pump, said software ,

comprising:

computer executable code to: (a) at least partially automatically activate a pumping

mechanism and (b) receive an output from the pumping mechanism associated with a

pumping mechanism native sensor;

computing circuitry to compare said output with a predefined expected decalibration

test parameter and to determine a decalibration test result.

17 .The software according to claim 16, wherein said output is a termination signal

indicating that a predetermined amount of fluid has passed through the pumping

mechanism and wherein said code is further configured to receive a cycle number

from a counter associated with said pumping mechanism and to calculate an

estimated flow rate.

18 .The software according to claim 17, wherein said cycle number is selected from the

group consisting of: number of pumping mechanism cycles completed, number of

drops emitted by pumping mechanism and length of active time of pumping

mechanism.

19 .The software according to claim 16, wherein said output is two or more sensed

pressure values and said predefined expected decalibration test parameter is a loo k

up table of expected differences in pressure values.

20. The software according to claim 16, wherein said output indicates if an air bubble was

detected and said test parameter is an air bubble detection expected result.
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