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∞ (57) Abstract: A fluid delivery system and method for determining whether the correct fluid is being drawn into and/or dispensed

00 from a syringe. The system includes a syringe, a fluid injector for drawing fluid into and dispensing fluid from the syringe, one or
more sensors adapted to measure a force required to draw the fluid into and/or dispense the fluid from the syringe, a processor in

00 communication with the one or more sensors, and a non-transitory, computer-readable storage medium in operable communication
©

with the processor. The computer-readable storage medium contains one or more programming instructions that, when executed, cause
00 the processor to receive from the one or more sensors one or more measurements of the force required to draw the fluid into and/or
o dispense the fluid from the syringe and determine from the one or more measurements whether a correct fluid is being drawn into and/

or dispensed from the syringe.
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METHODS AND SYSTEMS FOR VERIFYING THE CONTENTS OF A SYRINGE

USED FOR MEDICAL FLUID DELIVERY

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Provisional Patent Application

No. 62/421,661, filed November 14, 2016, the disclosure of which is hereby incorporated by

reference in its entirety.

BACKGROUND OF THE DISCLOSURE

Field of the disclosure

[0002] The present disclosure is directed to medical fluid delivery applications and,

particularly, to apparatuses and techniques for verifying the contents of a syringe used in

delivering a medical fluid to a patient.

Description of Related Art

[0003] In many medical diagnostic and therapeutic procedures, a medical practitioner, such

as a physician, injects a patient with a medical fluid. In recent years, a number of injector-

actuated syringes and powered injectors for pressurized injection of fluids, such as contrast

solution (often referred to simply as "contrast"), have been developed for use in procedures

such as angiography, computed tomography (CT), ultrasound, nuclear medicine, molecular

imaging, and NMR/MRI. In general, these powered injectors are designed to deliver a preset

amount of contrast at a preset flow or delivery rate.

[0004] In a typical angiographic procedure, the medical practitioner places a cardiac

catheter into a vein or artery. The catheter is connected to either a manual or to an automatic

fluid injection mechanism. A typical manual fluid injection mechanism includes a syringe in

fluid connection with a catheter connection. The fluid path may also include, for example, a

source of contrast, a source of flushing fluid, typically saline, and a pressure transducer to

measure patient blood pressure. In a typical system, the source of contrast is connected to the

fluid path via a valve, for example, a three-way stopcock. The source of saline and the

pressure transducer may also be connected to the fluid path via additional valves, such as

stopcocks. The operator of the manual contrast injection mechanism controls the syringe and

each of the valves to draw saline or contrast into the syringe and to inject the contrast or

saline into the patient through the catheter connection.

[0005] Automatic fluid injection mechanisms typically include a syringe connected to one

or more powered injectors having, for example, a powered linear actuator. Typically, an

operator enters settings into an electronic control system of the powered injector for a fixed



volume of contrast and/or saline, and a fixed rate of injection for each. Automatic fluid

injection mechanisms provide improved control over manual apparatus where successful use

of such manual devices is dependent on the skill of the medical practitioner operating the

device. As in a manual system, the fluid path from the automatic fluid injection mechanism

to the patient includes, for example, a source of contrast, a source of flushing fluid, typically

saline, and a pressure transducer. The source of contrast is connected to the fluid path via a

valve, for example, a three-way stopcock. The source of saline and the pressure transducer

may also be connected to the fluid path via additional valves, such as stopcocks.

[0006] The injected contrast and/or saline are delivered to a patient's vasculature through

the catheter inserted into the patient's body, such as the patient's groin area. A dose of

contrast is referred to as a bolus. Once the bolus of contrast is delivered to the desired site,

that area is imaged using a conventional imaging technique, such as angiography imagining

or scanning, CT, MRI, ultrasound, or other imaging modalities. The contrast becomes clearly

visible against the background of the surrounding tissue.

[0007] One concern in any injection procedure is to ensure that the correct fluid is loaded

into the syringe and injected into the patient. The use of automatic fluid injectors that can

load injection syringes with the push of a button may exacerbate this issue as user errors in

the setup or operation of the system may go unnoticed by an operator. For example, while

allowing an injector to draw automatically from one of multiple fluid sources creates certain

efficiencies in the injection process, incorrect configuration of the fluid sources may cause

the injector to draw from and inject the wrong fluid. In addition, air trapped within a syringe

that has been automatically loaded is not desired.

SUMMARY

[0008] In accordance with some aspects of this disclosure, described is a fluid delivery

system that includes a syringe, a fluid injector for drawing fluid into and dispensing fluid

from the syringe, one or more sensors adapted to measure a force required to draw the fluid

into and/or dispensing fluid from the syringe, a processor in communication with the one or

more sensors, and a non-transitory, computer-readable storage medium in operable

communication with the processor. The computer-readable storage medium contains one or

more programming instructions that, when executed, cause the processor to receive from the

one or more sensors one or more measurements of the force required to draw the fluid into

the syringe and determine from the one or more measurements of the force required to draw

the fluid into and/or dispensing fluid from the syringe whether a correct fluid is being drawn

into the syringe.



[0009] According to a non-limiting embodiment, the programming instructions, when

executed, cause the processor to determine from the one or more measurements of the force

required to draw the fluid into and/or dispensing fluid from the syringe whether the correct

fluid is being drawn into the syringe by comparing at least one of the one or more

measurements of the force required to draw the fluid into and/or dispensing fluid from the

syringe to a predetermined steady state force value.

[0010] According to a non-limiting embodiment, the programming instructions, when

executed, cause the processor to trigger an alarm if the at least one of the one or more

measurements of the force required to draw the fluid into and/or dispensing fluid from the

syringe is sufficiently different than the predetermined steady state force value.

[0011] In another non-limiting embodiment, the programming instructions, when executed,

cause the processor to stop operation of the fluid injector if the at least one of the one or more

measurements of the force required to draw the fluid into and/or dispensing fluid from the

syringe is sufficiently different than the predetermined steady state force value.

[0012] In another non-limiting embodiment, the system further includes one or more

sensors adapted to measure a force required to dispense the fluid from the syringe. The one

or more programming instructions, when executed, cause the processor to receive one or

more measurements of the force required to dispense the fluid from the syringe and determine

from the one or more measurements of the force required to dispense the fluid from the

syringe whether a correct fluid is being dispensed from the syringe.

[0013] According to another aspect of this disclosure, described is a method of verifying

the contents of a syringe in a fluid delivery system. The method includes drawing a fluid into

the syringe, obtaining, using one or more sensors, one or more measurements of the force

required to draw the fluid into and/or dispensing fluid from the syringe, and determining,

from the one or more measurements of the force required to draw the fluid into and/or

dispensing fluid from the syringe, whether the fluid is a correct fluid.

[0014] In a non-limiting embodiment, determining from the one or more measurements of

the force required to draw the fluid into and/or dispensing fluid from the syringe whether the

fluid is the correct fluid includes comparing at least one of the one or more measurements of

the force required to draw the fluid into the syringe to a predetermined steady state force

value.

[0015] In a non-limiting embodiment, the method further includes receiving the

predetermined steady state force value from a user interface associated with the fluid delivery

system or from a database associated with the fluid delivery system.



[0016] In another non-limiting embodiment, the method includes triggering an alarm if it is

determined that the fluid is not the correct fluid.

[0017] According to another aspect of this disclosure, described is a fluid delivery system

that includes a syringe, a fluid injector for drawing fluid into and dispensing fluid from the

syringe, one or more sensors adapted to measure a force required to dispense the fluid from

the syringe, a processor in communication with the one or more sensors, and a non-transitory,

computer-readable storage medium in operable communication with the processor. The

computer-readable storage medium contains one or more programming instructions that,

when executed, cause the processor to receive one or more measurements of the force

required to dispense the fluid from the syringe from the one or more sensors and determine

from the one or more measurements of the force required to dispense the fluid from the

syringe whether a correct fluid is being dispensed from the syringe.

[0018] In a non-limiting embodiment, the programming instructions, when executed, cause

the processor to determine from the one or more measurements of the force required to

dispense the fluid from the syringe whether the correct fluid is being dispensed from the

syringe by comparing at least one of the one or more measurements of the force required to

dispense the fluid from the syringe to a predetermined steady state force value.

[0019] In another non-limiting embodiment, the programming instructions, when executed,

cause the processor to trigger an alarm if the at least one of the one or more measurements of

the force required to dispense the fluid from the syringe is sufficiently different than the

predetermined steady state force value.

[0020] In a non-limiting embodiment, the programming instructions, when executed, cause

the processor to stop operation of the fluid injector if the at least one of the one or more

measurements of the force required to dispense the fluid from the syringe is sufficiently

different than the predetermined steady state force value.

[0021] According to another aspect of this disclosure, described is a method of verifying

the contents of a syringe in a fluid delivery system. The method includes dispensing a fluid

from the syringe, obtaining, using one or more sensors, one or more measurements of the

force required to dispense the fluid from the syringe, and determining, from the one or more

measurements of the force required to dispense the fluid from the syringe, whether the fluid is

a correct fluid.

[0022] In certain non-limiting embodiments, determining from the one or more

measurements of the force required to dispense the fluid from the syringe whether the fluid is

the correct fluid comprises comparing at least one of the one or more measurements of the



force required to dispense the fluid from the syringe to a predetermined steady state force

value.

[0023] In certain non-limiting embodiments, the method further includes receiving the

predetermined steady state force value from a user interface associated with the fluid delivery

system or from a database associated with the fluid delivery system.

[0024] In other non-limiting embodiments, the further includes triggering an alarm if it is

determined that the fluid is not the correct fluid.

[0025] In one non-limiting embodiment, determining, from the one or more measurements

of the force required to dispense the fluid from the syringe, whether the fluid is a correct fluid

comprises determining whether the fluid comprises air.

[0026] In another non-limiting embodiment, determining, from the one or more

measurements of the force required to dispense the fluid from the syringe, whether the fluid is

a correct fluid comprises determining the compressibility of the fluid in the syringe.

[0027] Another aspect of this disclosure is a fluid delivery system that includes a fluid path

set, a fluid injector for delivering a fluid through the fluid path set, one or more sensors

adapted to measure the force required to deliver the fluid through the fluid path set, a

processor in communication with the one or more sensors, and a non-transitory, computer-

readable storage medium in operable communication with the processor. The computer-

readable storage medium contains one or more programming instructions that, when

executed, cause the processor to receive one or more measurements of the force required to

deliver the fluid through the fluid path set from the one or more sensors and detect an

increase in the force required to deliver the fluid through the fluid path set. The fluid path set

includes a syringe, a purge tube, a connector tube creating a fluid path between the syringe

and the purge tube, and a flow restrictor positioned in the purge tube and adapted to restrict

fluid flow through the purge tube.

[0028] The present disclosure may be further described by the following clauses:

[0029] Clause 1: A fluid delivery system, comprising: a syringe; a fluid injector for

drawing fluid into and dispensing fluid from the syringe; one or more sensors adapted to

measure a force required to draw the fluid into the syringe; a processor in communication

with the one or more sensors; and a non-transitory, computer-readable storage medium in

operable communication with the processor, wherein the computer-readable storage medium

contains one or more programming instructions that, when executed, cause the processor to

receive from the one or more sensors one or more measurements of the force required to draw

the fluid into the syringe and determine from the one or more measurements of the force



required to draw the fluid into the syringe whether a correct fluid is being drawn into the

syringe.

[0030] Clause 2 : The system of clause 1, wherein the programming instructions, when

executed, cause the processor to determine from the one or more measurements of the force

required to draw the fluid into the syringe whether the correct fluid is being drawn into the

syringe by comparing at least one of the one or more measurements of the force required to

draw the fluid into the syringe to a predetermined steady state force value.

[0031] Clause 3 : The system of clause 2, wherein the programming instructions, when

executed, cause the processor to trigger an alarm if the at least one of the one or more

measurements of the force required to draw the fluid into the syringe is sufficiently different

than the predetermined steady state force value.

[0032] Clause 4 : The system of clause 2 or 3, wherein the programming instructions,

when executed, cause the processor to stop operation of the fluid injector if the at least one of

the one or more measurements of the force required to draw the fluid into the syringe is

sufficiently different than the predetermined steady state force value.

[0033] Clause 5 : The system of any of clauses 1 to 4, further comprising one or more

sensors adapted to measure a force required to dispense the fluid from the syringe, wherein

the one or more programming instructions, when executed, cause the processor to receive one

or more measurements of the force required to dispense the fluid from the syringe and

determine from the one or more measurements of the force required to dispense the fluid

from the syringe whether a correct fluid is being dispensed from the syringe.

[0034] Clause 6 : A method of verifying the contents of a syringe in a fluid delivery

system, comprising: drawing a fluid into the syringe; obtaining, using one or more sensors,

one or more measurements of the force required to draw the fluid into the syringe; and

determining, from the one or more measurements of the force required to draw the fluid into

the syringe, whether the fluid is a correct fluid.

[0035] Clause 7 : The method of clause 6, wherein determining from the one or more

measurements of the force required to draw the fluid into the syringe whether the fluid is the

correct fluid comprises comparing at least one of the one or more measurements of the force

required to draw the fluid into the syringe to a predetermined steady state force value.

[0036] Clause 8 : The method of clause 7, further comprising receiving the predetermined

steady state force value from a user interface associated with the fluid delivery system or

from a database associated with the fluid delivery system.



[0037] Clause 9 : The method of any of clauses 6 to 8, further comprising triggering an

alarm if it is determined that the fluid is not the correct fluid.

[0038] Clause 10: A fluid delivery system, comprising: a syringe; a fluid injector for

drawing fluid into and dispensing fluid from the syringe; one or more sensors adapted to

measure a force required to dispense the fluid from the syringe; a processor in

communication with the one or more sensors; and a non-transitory, computer-readable

storage medium in operable communication with the processor, wherein the computer-

readable storage medium contains one or more programming instructions that, when

executed, cause the processor to receive one or more measurements of the force required to

dispense the fluid from the syringe from the one or more sensors and determine from the one

or more measurements of the force required to dispense the fluid from the syringe whether a

correct fluid is being dispensed from the syringe.

[0039] Clause 11: The system of clause 10, wherein the programming instructions, when

executed, cause the processor to determine from the one or more measurements of the force

required to dispense the fluid from the syringe whether the correct fluid is being dispensed

from the syringe by comparing at least one of the one or more measurements of the force

required to dispense the fluid from the syringe to a predetermined steady state force value.

[0040] Clause 12: The system of clause 11, wherein the programming instructions, when

executed, cause the processor to trigger an alarm if the at least one of the one or more

measurements of the force required to dispense the fluid from the syringe is sufficiently

different than the predetermined steady state force value.

[0041] Clause 13: The system of clauses 11 or 12, wherein the programming instructions,

when executed, cause the processor to stop operation of the fluid injector if the at least one of

the one or more measurements of the force required to dispense the fluid from the syringe is

sufficiently different than the predetermined steady state force value.

[0042] Clause 14: A method of verifying the contents of a syringe in a fluid delivery

system, comprising: dispensing a fluid from the syringe; obtaining, using one or more

sensors, one or more measurements of the force required to dispense the fluid from the

syringe; and determining, from the one or more measurements of the force required to

dispense the fluid from the syringe, whether the fluid is a correct fluid.

[0043] Clause 15: The method of clause 14, wherein determining from the one or more

measurements of the force required to dispense the fluid from the syringe whether the fluid is

the correct fluid comprises comparing at least one of the one or more measurements of the



force required to dispense the fluid from the syringe to a predetermined steady state force

value.

[0044] Clause 16: The method of clause 15, further comprising receiving the

predetermined steady state force value from a user interface associated with the fluid delivery

system or from a database associated with the fluid delivery system.

[0045] Clause 17: The method of any of clauses 14 to 16, further comprising triggering an

alarm if it is determined that the fluid is not the correct fluid.

[0046] Clause 18: The method of any of clauses 14 to 17, wherein determining, from the

one or more measurements of the force required to dispense the fluid from the syringe,

whether the fluid is a correct fluid comprises determining whether the fluid comprises air.

[0047] Clause 19: The method of any of clauses 14 to 18, wherein determining, from the

one or more measurements of the force required to dispense the fluid from the syringe,

whether the fluid is a correct fluid comprises determining the compressibility of the fluid in

the syringe.

[0048] Clause 20: A fluid delivery system, comprising: a fluid path set, comprising: a

syringe; a purge tube; a connector tube creating a fluid path between the syringe and the

purge tube; and a flow restrictor positioned in the purge tube and adapted to restrict fluid flow

through the purge tube; a fluid injector for delivering a fluid through the fluid path set; one or

more sensors adapted to measure the force required to deliver the fluid through the fluid path

set; a processor in communication with the one or more sensors; and a non-transitory,

computer-readable storage medium in operable communication with the processor, wherein

the computer-readable storage medium contains one or more programming instructions that,

when executed, cause the processor to receive one or more measurements of the force

required to deliver the fluid through the fluid path set from the one or more sensors and detect

an increase in the force required to deliver the fluid through the fluid path set.

[0049] These and other features and characteristics of the disclosure, as well as the

methods of operation and functions of the related elements of structures and the combination

of parts and economies of manufacture, will become more apparent upon consideration of the

following description and the appended claims with reference to the accompanying drawings,

all of which form a part of this specification, wherein like reference numerals designate

corresponding parts in the various figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 is a perspective view of a fluid delivery system according to one

embodiment.



[0051] FIG. 2 is a perspective view of a fluid delivery system according to another

embodiment.

[0052] FIG. 3 is a schematic view of a fluid path set and a single-patient disposable set for

use in a fluid delivery system in accordance with one embodiment.

[0053] FIG. 4 illustrates a graph of the force required to load a syringe with a fluid as a

function of time.

[0054] FIG. 5 illustrates graph of the force required to load a syringe with a fluid as a

function of time.

[0055] FIG. 6 illustrates a graph of the force applied to dispense the contents of a syringe

as a function of time.

[0056] FIG. 7 is a perspective view of a single-patient disposable set for use in a fluid

delivery system in accordance with another embodiment.

[0057] FIG. 8 is an exploded perspective view of the disposable set of FIG. 7.

[0058] FIG. 9 illustrates a graph of the pressure applied to pass the contents of a syringe

through a fluid restrictor as a function of time in accordance with an embodiment of FIG. 7.

[0059] FIG. 10 is a perspective view of a fluid delivery system according to another

embodiment.

[0060] FIG. 11 is a cross-sectional view of an inline pressure valve according to one

embodiment.

[0061] FIG. 12 is a schematic view of a fluid path set including the inline pressure valve of

FIG. 11 according to one embodiment.

[0062] FIG. 13 is an exploded view of the inline pressure valve of FIG. 11.

[0063] FIG. 14 is an exploded view of certain components of the inline pressure valve of

FIG. 11.

[0064] FIG. 15 is a summary of test conditions performed as part of a bench test.

[0065] FIGS. 16a-16d illustrate graphs of the average pressure required to dispense the

contents of a syringe as a function of the syringe volume displaced.

[0066] FIGS. 17a-16b illustrate graphs of the average pressure required to dispense the

contents of a syringe as a function of the syringe volume displaced.

[0067] FIG. 18a-b illustrate a graph of the fit of experimental data to an equation

developed using a least squares approach.

[0068] FIG. 19 illustrates scatter plots of the coefficient AO for different plunger positions.

[0069] FIG. 20 illustrates scatter plots of the coefficient nRT for different plunger

positions.



[0070] FIG. 21 illustrates scatter plots of the coefficient A2 for different plunger positions.

[0071] FIG. 22 illustrates scatter plots of the coefficient A3 for different plunger positions.

[0072] FIG. 23 illustrates scatter plots of the slope versus the amount of air for different

plunger positions.

[0073] FIG. 24 illustrates a flow diagram of the operation of the fluid output verification

mechanism according to one embodiment.

DETAILED DESCRIPTION

[0074] For purposes of the description hereinafter, spatial orientation terms shall relate to

the embodiment as it is oriented in the drawing figures. However, it is to be understood that

the various embodiments of this disclosure may assume alternative variations and step

sequences, except where expressly specified to the contrary. It is also to be understood that

the specific devices and processes illustrated in the attached drawings, and described in the

following specification, are simply exemplary. Hence, specific dimensions and other physical

characteristics related to embodiments disclosed herein are not to be considered as limiting.

[0075] As used in the specification, the singular form of "a", "an", and "the" include plural

referents unless the context clearly dictates otherwise.

[0076] Unless otherwise indicated, all ranges or ratios disclosed herein are to be

understood to encompass any and all subranges or sub-ratios subsumed therein. For example,

a stated range or ratio of " 1 to 10" should be considered to include any and all subranges

between (and inclusive of) the minimum value of 1 and the maximum value of 10; that is, all

subranges or sub-ratios beginning with a minimum value of 1 or more and ending with a

maximum value of 10 or less, such as but not limited to, 1 to 6.1, 3.5 to 7.8, and 5.5 to 10.

[0077] All documents, such as but not limited to issued patents and patent applications,

referred to herein, and unless otherwise indicated, are to be considered to be "incorporated by

reference" in their entirety.

[0078] Pressures as shown herein are the pressure differences that drive fluid motion

through a fluid path, generally with the pressure at the outlet or receiving element of the fluid

path being defined to be at zero pressure. When filling a syringe, there is a negative pressure

within the syringe body with respect to the outside atmosphere, and the driving pressure

difference P is defined as positive because the pressure in the source of the filling fluid is

positive with respect to the outlet or receiving element and thus drives the fluid from the

source to the outlet or receiving element. Similarly, when fluid is being dispensed the

pressure at the outlet or receiving element is generally, but not necessarily, at or close to



atmospheric pressure or blood pressure and a positive pressure at the source for that phase of

operation (the delivery phase) drives the fluid to a corresponding outlet or receiving element.

[0079] FIG. 1 is a perspective view of a fluid delivery system 10. The fluid delivery

system 10 is adapted for delivering fluids to a patient during a medical injection procedure.

For example, the fluid delivery system 10 may be used during an angiographic or a similar

medical imaging procedure to inject a contrast solution and/or a common flushing agent, such

as saline, into the body of a patient. An example of such a fluid injection or delivery system

is disclosed in U.S. Patent No. 7,094,216, the disclosure of which is incorporated herein by

reference in its entirety. Additional examples of fluid delivery systems are disclosed in the

following references: U.S. Patent No. 7,556,619; U.S. Patent Nos. 8,337,456; 8,147,464; and

8,540,698, the disclosures of which are incorporated herein by reference in their entireties.

[0080] The fluid delivery system 10 generally includes a powered fluid injector 12 that is

adapted to support and actuate a syringe 14 storing a first injection fluid 24, typically a

contrast agent or medium, for injection to a patient during a medical imaging procedure. The

fluid delivery system 10 further includes a second injection fluid 22, typically saline or other

flushing fluid, stored in a second container that may be mixed with the first injection fluid 24

or delivered separately to the patient. The injector 12 is generally used to supply the first and

second injection fluids 24, 22 under pressure to the fluid path set 16 and, ultimately, the

patient. In one embodiment, the second injection fluid 22 may be delivered by way of a

second powered injector, as described in greater detail below. In another embodiment, the

second injection fluid 22 may be delivered by way of a pump, such as a piston pump or a

peristaltic pump. The injector 12 may be controlled by a hand controller to supply the first

and second injection fluids 24, 22 at discrete and preselected flow rates.

[0081] The construction and operation of syringe 14 is well known in the art. An example

of a suitable high pressure syringe may be found in United States Patent Application

Publication No. 2009/0216192, incorporated herein by reference for teachings related to the

high pressure syringe and, further, the powered fluid injector 12. Syringe 14 generally

comprises an elongated, cylindrical syringe body defining an injection section at the distal

end and an expansion section for holding a fluid at the proximal end. The injection section

tapers to form an elongated discharge neck, which has a relatively small inner diameter. The

expansion section can accommodate a syringe plunger. Actuation of the syringe plunger,

such as by injector 12, causes fluid to be drawn into or discharged from syringe 14, as is

known in the art.



[0082] The injector 12 is operatively associated with a fluid control module 20. The fluid

control module 20 may be adapted for controlling the operation of the fluid delivery system

10 by allowing the user to manually select the injection parameters, or select a pre-defined

injection protocol. Alternatively, this functionality may reside with an external control unit

or with the powered injector 12. In either case, the fluid control module 20 controls the

injection pressure, the volume of the first and/or second injection fluids 24, 22 to be delivered

to the patient, and the ratio of the first injection fluid 24 relative to the second injection fluid

22. Fluid control module 20 can also control the loading of syringe 14 with the first or

second injection fluid 24, 22. Fluid control module 20 can include one or more processors

that may have stored thereon, or be in communication with, program instructions that, when

executed by the processor, cause the processor to control the operation of the fluid delivery

system 10. For example, a computer-readable medium may be memory located in or in

communication with fluid control module 20 for storing the program instructions.

[0083] The fluid delivery system 10 is generally adapted to connect to a fluid path set 16

for delivering the first and second injection fluids 24, 22. The flow of contrast and saline is

regulated by the fluid control module 20 which controls the various valves and flow

regulating structures in the fluid path set 16 to regulate the delivery of contrast and saline to

the patient based on user selected injection parameters, such as total injection volume and

ratio of contrast solution and saline. The fluid path set 16 can further connect the syringe 14

to a single-patient disposable set (SPDS) 19 which is associated with the patient for supplying

the contrast and saline to the patient.

[0084] FIG. 2 illustrates an alternative embodiment of a fluid delivery system 10a having

a powered fluid injector 12a adapted to interface with two syringes 14a, 14b which may be

fluidly connected to a source of first injection fluid 22 and a source of second injection fluid

24 or any two desired medical fluids. The injector 12a can be at least a dual-syringe injector,

wherein two fluid delivery syringes 14a, 14b may be oriented in a side-by-side or other

suitable relationship and which are separately actuated by respective piston elements

associated with the injector 12a. In another embodiment, the injector 12a may be a dual-

pump injector, wherein two pumps, such as piston pumps and/or peristaltic pumps, are

separately actuated and controlled. The fluid path set 16a may be interfaced with the injector

12a in a similar manner to that described previously in connection with the fluid delivery

system 10 described with reference to FIG. 1. In particular, the injector 12a is operatively

associated with a fluid control module 20a (see FIG. 1). The fluid control module 20a is

generally adapted to support a fluid path set 16a that is generally adapted to fluidly connect to



the first syringe 14a having a first injection fluid 24, such a contrast solution. The fluid path

set 16a is further connected to the second syringe 14b having a second injection fluid 22,

such as saline. The first and second syringes 14a, 14b may have a different size relative to

each other or may have the same size. One of the first syringe 14a and the second syringe

14b may be larger relative to the other of the first syringe 14a and the second syringe 14b to

receive a larger volume of fluid therein. The flow of the first injection fluid 24 from the first

syringe 14a and the second injection fluid 22 from the second syringe 14b is regulated by the

fluid control module 20a, which controls the various valves and flow regulating structures to

regulate the delivery of first and second medical fluids to the patient based on user selected

injection parameters, such as total injection volume and ratio of contrast solution and saline.

The fluid path set 16a further connects to a SPDS 18a which is associated with the patient for

supplying the first and second medical fluids to the patient. A suitable multi-syringe fluid

injector for use with the above-described system is described in U.S. Patent Application

Publication No. 2012/0123257, the disclosure of which is incorporated herein by reference in

its entirety. Other relevant multi-fluid delivery systems are found in U.S. Patent Application

Publication Nos. U.S. 2004/0064041 and U.S. 2005/0113754, and International Application

Publication WO 2012/155035, the disclosures of which are incorporated herein by reference.

[0085] In yet another embodiment, a three-fluid delivery system (not shown) may be

provided. Similar to power-operated fluid delivery systems described with reference to

FIGS. 1-2, a three-fluid delivery system may include a first injector or pump adapted to

deliver a first injection fluid 24, such as a contrast medium, a second injector or pump

adapted to deliver a second injection fluid 22, such as saline, and a third injector or pump

adapted to deliver a third injection fluid, for example a second type or concentration of

contrast medium compared to the first injection fluid 24. A fluid path set is provided for

delivering and mixing the first, second, and third injection fluids in a desired ratio prior to

being delivered to a patient. An exemplary three-fluid delivery system is disclosed in Figs.

60-62 of U.S. Patent Application Publication No. 2012/0123257.

[0086] In another embodiment, a manually-controlled fluid delivery system (not shown)

may be provided. Similar to power-operated fluid delivery systems described with reference

to FIGS. 1-2, a manually-controlled fluid delivery system may include a first injector adapted

to actuate a first syringe storing a first injection fluid 24, such as a contrast medium, for

injection to a patient during a medical procedure. The manually-controlled fluid delivery

system may also include a second injector adapted to actuate a second syringe storing a

second injection fluid 22, such as saline. A fluid path set is provided for delivering and



mixing the first injection fluid 24 and the second injection fluid 22 in a desired ratio prior to

being delivered to a patient. An exemplary manually-controlled fluid delivery system is

disclosed in U.S. Patent No. 9,259,527, which disclosure is incorporated herein by reference.

[0087] In another embodiment, a manually-controlled fluid delivery system incorporating

tactile feedback or control (not shown) may be provided. An exemplary manually-controlled

fluid delivery system incorporating tactile feedback or control is disclosed in U.S. Patent

5,840,026, incorporated herein by this reference. In another embodiment, a manually

powered fluid delivery system (not shown) is disclosed. In such a system the sensor may

incorporate at least a force sensor and a position sensor as shown in U.S. Patent 5,840,026,

which may be used to measurements of the force required to draw the fluid into and/or

dispense the fluid from the syringe and the position of the manually activated plunger in the

syringe and thus determine from the one or more measurements of the force required to draw

the fluid into and/or dispense the fluid from the syringe whether a correct fluid is being drawn

into and/or dispensed from the syringe.

[0088] Syringe 14 may be configured to deliver one or more injection fluids 24, 22, and

may be in communication with a source of each injection fluid. In response to a command

from, e.g., fluid control module 20, injector 12 can operate to load one or more syringe 14 by

drawing one of these injection fluids (or a mixture of these fluids) into the one or more

syringe 14 for delivery to a patient. According to the present disclosure, fluid delivery

system 10 can be configured with a fluid input verification mechanism to verify that the fluid

being drawn into syringe is correct. For example, fluid input verification mechanism can

help verify that the fluid being drawn into each of the one or more syringe 14, such as in

response to a command from fluid control module 20, is the fluid that is intended to be drawn

into each of syringe 14. According to certain aspects, the fluid input verification mechanism

may accomplish this, at least in part, by measuring the force or pressure required to draw the

injection fluid 24, 22 into syringe 14 and comparing the measured force or pressure value

with one or more of the expected force or pressure value for that particular fluid for example

due to differences in fluid viscosities, the particular syringe and disposable fluid path set uses,

and the particular fill conditions used, such as flow rate and/or vacuum applied. If there is a

mismatch between actual expected pressure and/or force and measured pressure and/or force,

appropriate indications, alarms, notifications and/or actions may be taken.

[0089] The following operational discussion of the fluid input verification mechanism

according to various aspects will be made with exemplary reference to a fluid delivery system

10 having contrast as a first injection fluid 24 and saline as a second injection fluid 22.



However, the basic discussion and operation of the fluid input verification mechanism

disclosed herein could apply to other combinations of fluids as well, such as contrasts of

different viscosities, contrast and air and/or vacuum, saline and air and/or vacuum, or air and

vacuum.

[0090] By way of background, it is known that the viscosity of various contrast agents and

the viscosity of saline may be very different, with the viscosity of most conventional contrast

solutions being significantly more viscous, for example about 10 to 20 times that of saline.

The viscosity of various contrasts also varies with the concentration and/or temperature of the

contrast. It is also known that the viscosity of air is significantly lower than water. In

addition, it is well recognized that, all other things being equal, the higher the viscosity, the

greater the amount of pressure is required to move the fluid through a fluid path at a

particular flow or fill rate. It is know that air generally behaves according to the idea gas law

and that at relatively low gas concentrations or pressures, the negative pressure

asymptotically approaches the negative of the surrounding air pressure. This is low,

relatively constant negative pressure condition is commonly called a vacuum. It is against

this general background that fluid input verification mechanism according to the present

disclosure operates.

[0091] Referring back to FIG. 1, in certain aspects, the fluid input verification mechanism

of the present disclosure may include one or more sensors 101 that measure the force and/or

pressure required to draw fluid into syringe 14 and/or to expel fluid out of syringe 14. In one

non-limiting embodiment, sensors 101 include one or more strain sensors associated with or

in communication with the drive shaft of the injector 12 and/or in association with the

internal structural frame of the injector 12. Such strain sensors may be incorporated into new

injector configurations or integrated into existing injector designs, including those injectors

discussed in various references incorporated herein. Strain sensors could also be configured

to be associated with or in communication with another component of injector 12 that is

involved in drawing fluid into the syringe 14 and/or expelling fluid out of syringe 14, such as

those components that supply the power and/or force to actuate the plunger of syringe 14.

The present disclosure also includes other possible configurations of strain sensors that

operate consistent with the intended function discussed herein. The strain sensors can

measure the force being applied by the drive shaft, or other component, to draw fluid into

syringe 14 and/or to expel fluid out of syringe 14. Other possible types of sensors are

envisioned, for example any sensor capable of measuring the force or pressure required to

draw fluid into syringe 14 and/or to expel fluid out of syringe 14. For example, in-line



pressure sensors 101 located in fluid input flow path 18 at or near the inlet/outlet to syringe

14, or within syringe 14 itself, may be used to measure the pressure applied within the fluid

flow path 18 or within the syringe 14 while drawing fluid into syringe 14 and/or expelling

fluid out of syringe 14.

[0092] In certain aspects, the fluid input verification mechanism can further include a

processing unit 201 in electronic communication with sensors 101. Processing unit 201 is

configured to receive measurements from sensors 101 and determine for example, based at

least in part on the received information, whether the correct fluid is being drawn into syringe

14. In one non-limiting embodiment, processing unit 201 is configured as a component or

module of fluid control module 20. However, processing unit 201 can be a stand-alone unit,

such as a touch screen tablet computer connected to the system by a wireless connection, or

can be integrated into another component of fluid delivery system 10, provided such

component has sufficient computing power to accomplish the tasks required of processing

unit 201.

[0093] Communication between sensors 101 and processing unit 201 can be accomplished

using any suitable communication technique known in the art, including both wired and

wireless (such as RF) communication. Short range RF communication techniques such as

Bluetooth represent one non-limiting example. Sensors 101 may be configured to take

measurements continuously or periodically while the syringe 14 is being loaded or when

expelling fluid. Some or all of these measurements may be communicated to processing unit

201. In one non-limiting embodiment, sensors 101 continuously monitor and communicate

to processing unit the retraction/extension force applied by the drive shaft while syringe 14 is

being loaded/emptied. In other non-limiting embodiment, sensors 101 measure the

retraction/injection force at one or more points in time after the fluid draw begins. As will

become apparent below, it may only be necessary for sensors 101 to take and/or

communicate measurements for a limited duration, or at limited points, of the syringe 14

loading/injection period.

[0094] Processing unit 201 can include one or more processors that may have stored

thereon, or be in communication with, program instructions that, when executed by the

processor, cause the processor to control the operation of processing unit 201. For example,

the instructions, when executed, may allow processing unit 201 to determine whether the

fluid being drawn into syringe 14 is the correct or expected fluid. This determination can be

based, at least in part, on the force and/or pressure measurements taken by sensors 101. If

processing unit 201 determines that the fluid being drawn into or expelled from syringe 14 is



not correct, processing unit 201 can initiate an alert, flag, indicator, or other type of alarm to

notify the operator of the discrepancy. Alarm can take on any readily perceptible form, and

may include one or more of an audible component, a visual component, or a tactile

component (for example on injector systems that utilize hand controlled injection protocols).

In one non-limiting example, operator is notified that the fluid being drawn into or expelled

from syringe 14 may be incorrect by a message rendered on a graphic user interface

associated with fluid control module 20. Processing unit 201 can also automatically take an

action to, for example, prevent further fluid draw into syringe 14 or stop an injection protocol

by initiating a forced stop of the injector 12, such as by sending a signal to fluid control

module 20 or directly to injector 12. A forced stop can allow the user an opportunity to

assess the situation and correct the condition that caused the alarm.

[0095] A non-limiting embodiment of a process for verifying the fluid being drawn into

syringe 14 according to one non-limiting embodiment is now described. This process can be

embodied in programming instructions that are stored in memory associated with processing

unit 201. Reference is made to FIGS. 4 and 5 to assist with the explanation of this process.

FIG. 4 relates to a scenario in which the fluid being drawn into syringe 14 is determined to

be incorrect, while FIG. 5 relates to a scenario in which the fluid being drawn is determined

to be correct. It should be noted that in FIGS. 4 and 5, the fill pressure is the pressure

difference between the contrast container and the interior of the syringe. The fill pressure is

positive when the contrast container is at a higher pressure than the syringe, and thus fluid

lows from the contrast container into the syringe. According to these examples, the syringe

plunger is being pulled proximally and if the contrast container is at atmospheric pressure,

there may be a negative pressure in the syringe compared to the atmospheric pressure. This

may be understood as or called a reduced pressure, partial vacuum, or vacuum.

[0096] Once the fluid draw process begins, sensors 101 can begin taking measurements of

the force or pressure required to draw fluid into syringe 14. At the onset of the fluid draw

process, there will typically be an initial period of time to build up to the full force/pressure

required to draw the fluid. This initial period is shown in FIGS. 4 and 5 as the steeply sloped

line. This initial time period is denoted as t i in FIGS. 4 and 5. Sensor measurements during

t i are not of particular importance, and sensor readings received by processing unit 201

during this initial stage may be ignored, or sensors 101 may be programmed to altogether

avoid transmitting or taking measurements until time ti has elapsed. However, in some

embodiments, the slope of this line and the time to reach steady state may be of value in

determining whether the fluid being drawn into syringe 14 is correct. Eventually, the



force/pressure required to draw fluid into syringe 14 will near steady state at which time the

force measurement should remain fairly constant. This is denoted as t in FIGS. 4 and 5. At

least one, and preferably more than one, force measurement is taken during t and

communicated to processing unit 201.

[0097] Based on the data received from sensor 101, processing unit 201 determines

whether the fluid being drawn is correct. As shown in FIG. 4, based on the particulars of the

fluid input flow path 18 and the known viscosity of the fluid intended to be drawn into

syringe 14, the force measurement is expected to reach a predetermined steady state value P.

Thus, processing unit 201 is expecting to receive, from sensor 101, a force measurement that

is at P or at least within a given tolerance of P after the elapse of ti. As values are measured

by sensor 101 and communicated to processing unit 201, processing unit compares those

values with P and determines whether the actual values are within the requisite tolerance of

P. This determination may involve processing unit 201 receiving and processing multiple

force measurements over time, such as five measurements over the period of five seconds, in

order to ensure consistency in the measurements and to guard against outliers in the data set.

Processing unit 201 may also perform one or more calculations or transformations of the raw

data received from sensors 101 as part of this comparison. For example, the raw data

received from sensor 101 may be a measure of the force applied by the drive shaft of injector

12, and processing unit 201 may convert this to a measure of pressure within syringe 14 prior

to performing the comparison with P.

[0098] If the measured force/pressure values received by processing unit 201 from sensors

101 are sufficiently different than P (such as outside of a tolerance range), processing unit

201 can trigger an alarm to alert the operator of the discrepancy and potentially stop further

operation of the injector 12. For example, in FIG. 4, the measured force values, depicted

with the line labeled M, does not reach P during t . This suggests that the fluid being drawn

into syringe 14 is less viscous than expected. Such a result would be indicative of the

scenario in which the fluid expected to be drawn into syringe 14 is contrast while the fluid

actually being drawn into syringe 14 is saline or a diluted contrast. Based on this information,

processing unit 201 can determine that the wrong fluid is being drawn into syringe 14. In

response, processing unit 201 can issue an alarm and/or stop further fluid draw. On the other

hand, in FIG. 5, the measured force values, again depicted with the line labeled M, reach the

value P, suggesting that the fluid being drawn into syringe 14 is the correct fluid. Processing

unit 201 does not issue an alarm in this scenario.



[0099] As will be appreciated, processing unit 201 must have knowledge of what force or

pressure value is expected (i.e., P) for a particular syringe 14 loading cycle. Providing

processing unit 201 with this knowledge can be accomplished in a variety of ways. In one

embodiment, an operator can simply enter the expected value P directly into processing unit

201, such as by entering the value into a text box on an interface associated with processing

unit 201. In another embodiment, processing unit 201, or a database with which processing

unit 201 can communicate, can house information about the fluid input flow path 18, syringe

14, injector 12, and/or injection fluids 22, 24. Information about which fluid will be drawn at

a given time can be entered into fluid control module 20 by an operator and communicated to

processing unit 201. Processing unit 201 can then calculate an expected force or pressure

value P based on some or all of this information. These calculations could also be performed

in advance and stored in a database or other form of computer memory associated with

processing unit 201. Information about a variety of different fluid input flow paths 18,

syringes 14, injectors 12, and/or injection fluids 22, 24 can also be stored in memory

associated with processing unit 201 for quick access should any of these aspects of fluid

delivery system 10 change, such as if different fluids 24, 22 are used or if a different fluid

input flow path 18 is used. Adjustments may also be needed to allow for greater tolerances

depending on which components of fluid delivery system 10 are used, particularly if changes

are made to the fluid input flow path 18, as the geometry and flow resistance of certain

configurations of fluid delivery system 10 may yield more predictable results with less

variation. In addition, time varying factors that affect fluid fill properties may be measured,

accounted for, and/or input into the system 10. For example, in certain cases fluid

temperature may affect viscosity. Therefore, if the fluid temperature is not known, a

relatively larger tolerance on pressure may be allowed. Alternatively, the system may

measure fluid temperature, for example with a thermocouple or solid state sensor, and

therefore be able to use a narrower tolerance on acceptable pressure behavior. Alternatively,

the user may indicate to the system whether the fluid is warmed or at room temperature, and

optionally input the temperature of the fluid. Because user input may not be as reliable as

measured fluid temperature, the acceptable pressure range may be intermediate in size,

smaller than that needed with no temperature information but larger than that using actual

temperature measurement.

[00100] The slope of the pressure change during the rising phase (the t i phase), or that

time ti required to reach steady state pressure, may also be used to assess that the correct

fluid is being filled or if at least a small volume of air or other gas is being drawn into the



syringe. This can be especially useful if the fill process is chosen to be as fast as possible

because, on a retraction of the syringe 14, the maximum pressure that can be achieved is

typically one atmosphere. Thus, in that limiting condition, the pressure is not a function of

the fluid. However, the fill rate at a given pressure less than one atmosphere is a function of

the fluid. This mode may also be beneficial because it occurs at or near the beginning of the

fill, and thus the alarm may be sounded or action may be taken earlier if conditions require it.

[00101] A third way to measure fluid properties during fill may be to assess the pullback

rate or fill speed needed to create a fill pressure that is measurably less than one atmosphere.

This can be done by assessing the pressure during the fill and adjusting, such as through the

use of a servo mechanism and feedback data, the fill rate to maintain the desired filling

pressure, for example at a substantially constant pressure.

[00102] A fourth way to measure the fill property may be to measure the time necessary to

fill the syringe with a particular fluid at a given fill pressure P, pull back rate, and/or fill

volume.

[00103] The expected pressure performance P may be assessed experimentally or

theoretically, or both, using the known fluid path element dimensions and thus resistance to

flow and the fluid properties, for example viscosity and/or temperature. In general, pressure

is proportional to viscosity, flow rate, and fluid path resistance. With fluid path elements

having directional symmetry, reversing the direction of fluid flow simply reverses the

direction of the pressure drop. Thus, the assessments described herein for filling may also

apply in the case of delivery when the fluid path is known.

[00104] With reference to FIG. 6, during the fill cycle, if there is significant gas, for

example air, in the recipient fluid path element and/or the syringe 14, the rise in the pressure

difference will be more gradual because of the compressibility or expandability of the gas.

The slowness, non-linearity, reduced maximum pressure achievable, and/or other differences

in the pressure as compared with a completely liquid-filled syringe 14 may be sensed or

detected by processing unit 201, resulting in an alarm or action if appropriate. This may be

important because if there is sufficient air in the syringe, even if the air is removed before

injection and thus the hazard to the patient is eliminated, the fill volume may be less than a

desired or programmed fill volume due to the space occupied by the air, causing the desired

procedure to be insufficiently completed without performing a further fill cycle. A further fill

cycle may cause added time and inconvenience.

[00105] In addition, if air is introduced during the fill process, a transient and/or steady

state dip in pressure may occur and be sensed, potentially indicating the emptying of the



filling source or the introduction of an air leak in the system 10. In various aspects, this event

may be detected by the fluid input mechanism and appropriate alarm or action may be taken

by the system and/or operator.

[00106] In addition to, or alternatively to, the fluid input verification mechanism, fluid

delivery system 10 may include a fluid output verification mechanism to verify that the fluid

contained in syringe 14 that is set to be delivered to the patient is correct. According to

aspects of the present disclosure, the fluid output verification mechanism may accomplish

this, at least in part, by measuring the compressibility and/or viscosity of the fluid within

syringe 14 (i.e., how compressible is the fluid within the syringe). In certain aspects, the

fluid output verification mechanism has particular application in determining the presence, or

absence, of air within syringe 14. Detection of air within syringe 14 is of particular

importance given that an injection of air poses serious health risks to a patient.

[00107] The following operational discussion of an aspect of the fluid output verification

mechanism will be made with exemplary reference to a syringe 14 containing an amount of

saline or contrast and an amount of air. However, the basic discussion and operation of fluid

output verification mechanism could apply to other combinations of materials within syringe

14 as well, and particularly to a combination of a gas, which is highly compressible, and a

liquid, which is far less compressible.

[00108] By way of background, it is known that air is far more compressible than liquid.

For example, the bulk modulus of air at room temperature is -1.42 x 105 Pa while that of

water is -2.2 x 109 Pa, making air approximately 15,000 times as compressible as water at

room temperature. Without intending to be limited by any theory, it is against this general

background that the fluid output verification mechanism is believed to operate.

[00109] In certain aspects, the fluid output verification mechanism of the present

disclosure may include one or more sensors 301 that can measure the force and/or pressure

applied while dispensing (injecting) the contents of syringe 14, particularly at the onset of the

injection. In one non-limiting embodiment, sensors 301 include one or more strain sensors

associated with or in communication with the drive shaft and/or internal structural frame of

the injector 12. Such strain sensors could be incorporated into new injector designs or

integrated into existing injector designs, including those injectors discussed in the references

that are incorporated herein. Strain sensors 301 could also be configured to be associated

with or in communication with another component of injector 12 that is involved in

dispensing the contents of syringe 14, such as those components that supply the power and/or

force to actuate the plunger of syringe 14. Other possible configurations of strain sensors that



operate consistent with the intended function discussed herein are within the scope of the

present disclosure. The strain sensors can measure the force being applied by the drive shaft,

or other component, to dispense the contents of syringe 14. Other possible types of sensors

301 are envisioned, so long as sensors 301 are capable of measuring the force or pressure

required to dispense the syringe contents, for example at the onset of the injection. For

example, in-line pressure sensors like those described herein located within syringe 14 may

be used to measure the pressure within the fluid flow path 18 or within syringe 14 during the

injection. In certain embodiments, sensors 301 may include at least some of the same sensors

101 that are used in the fluid input verification mechanism, and the same sensor can act as

both sensor 301 and sensor 101. In various aspects sensors 301 that are highly accurate and

sensitive so that slight variations in pressure over time can be detected. Alternatively, sensor

301 may alternatively measure motor current to estimate or determine the force on the system

and/or the pressure in the syringe 14.

[00110] In various aspects, the fluid output verification mechanism further includes a

processing unit 401 in electronic communication with sensors 301. Processing unit 401 is

configured to receive measurements from sensors 301 and detect, based at least in part on the

received information, the presence of air within syringe 14. Processing unit 401 can be

configured similarly to processing unit 201, discussed above. In one non-limiting

embodiment, processing unit 401 is configured as a component or module of fluid control

module 20. Processing unit 401 and processing unit 201 (discussed above) may even be one

in the same. However, processing unit 401 can also be a stand-alone unit or can be integrated

into another component of fluid delivery system 10, provided such component has sufficient

computing power to accomplish the tasks required of processing unit 401. Communication

between sensors 301 and processing unit 401 can be accomplished using any suitable

communication technique known in the art, including both wired and wireless (such as RF)

communication. Short range RF communication means such as Bluetooth represent one non-

limiting example. Sensors 301 may be configured to take measurements continuously or

periodically while the syringe 14 contents are being dispensed. Some or all of these

measurements may be communicated to processing unit 401. In one non-limiting aspect,

sensors 301 continuously monitor and communicate to processing unit 401 the force applied

to dispense the contents of syringe 14. As will become apparent below, it may only be

necessary for sensors 301 to take and/or communicate measurements for a limited duration of

the dispensing process, and particularly at the onset thereof. Optionally, sensors 301 may



monitor the whole delivery process and thus be used to check for other situations such as

unanticipated or incorrect fluids or fluid leaks via analysis of force and/or pressure changes.

[00111] Processing unit 401 can include a processor programmed with a set of computer-

readable operating instructions that, when executed, allow processing unit 401 to determine

the presence of air within syringe 14. This determination is based, at least in part, on the

force and/or pressure measurements taken by sensors 401. If processing unit 401 determines

that the syringe 14 includes air, processing unit 401 can initiate an alert, flag, indicator, or

other alarm to notify the operator. Alarm can take on any readily perceptible form, and may

include an audible component, a visual component, or both. In one non-limiting example,

operator is notified of the presence of air by a message rendered on a graphic user interface

associated with fluid control module 20. Processing unit 401 can also automatically prevent

any further dispensing of the syringe contents by initiating a forced stop of the injector 12 and

other equipment (e.g., a scanner), such as by sending a signal to fluid control module 20 or

directly to injector 12. Alternatively, in certain embodiments, the system may perform an

automatic prime operation to purge air out of the syringe and fluid line. Such automated

prime operation would then recheck the system to confirm elimination of air by using the

fluid output verification mechanism.

[00112] A non-limiting embodiment of a process for verifying the contents of syringe 14

according to one non-limiting embodiment is now described. This process can be embodied

in programming logic that is incorporated into processing unit 401. Reference is made to

FIG. 6 to assist with the explanation of this process.

[00113] At the onset of the injection, an initial force is required to overcome the friction of

the plunger/piston against the syringe interior wall and start movement of the plunger/piston.

Once movement begins, there is a period of time to build up to the steady state injection

pressure. The steady state injection pressure is depicted as P in FIG. 6. The time to reach P

is referred to herein as the onset period, and the rate of pressure change during the onset

period is depicted in FIG. 6 as the sloped lines beginning near time=0 (t=0). In an exemplary

syringe programmed to deliver 4-5 ml/s at a piston speed of 2 mm/s and a steady state

pressure of 200 psi, the onset period to reach full pressure is about 2 seconds assuming very

little air is present in the syringe. The rate at which the pressure rises during the onset period

is dependent on the compressibility of the contents of the fluid path and the stiffness or

flexibility of syringe 14, other fluid elements, and mounting system. For example, since air is

highly compressible, the pressure rise (change in pressure over time) during the onset period

will be slower if the syringe contains a significant amount of air, as shown by the dashed line



in FIG. 6. On the other hand, if syringe 14 includes liquid only (or only trace amounts of air)

the pressure within syringe 14 will rise much faster, as shown by the solid line in FIG. 6,

since liquid is far less compressible than air. Comparison of the slope of the line during the

onset period may provide data as to the presence of air and may even allow calculation of the

volume of air present in the syringe.

[00114] During the onset period, sensors 301 measure the force or pressure applied to

dispense the contents of syringe 14 and communicate these measurements to processing unit

401. Based on the data received from sensor 301, processing unit 401 can detect the presence

of air within syringe 14. As shown in FIG. 6, if syringe 14 contains only fluid, the pressure

is expected to sharply increase during the onset period. Thus, the measurements received by

processing unit 401 during the onset period are expected to reflect a rapid pressure rise. As

values are measured by sensor 301 and communicated to processing unit 401, processing unit

401 can compare the actual pressure measurements to an expected pressure at a given time

for a given fluid to determine whether the pressure rise is indicative of a syringe 14

containing only fluid. For example, processing unit 401 can compare the actual pressure

measurement for a fluid after one second to an expected pressure measurement for that fluid

after one second, given a specific applied pressure to the plunger by the piston. If the actual

pressure after one second is not within a certain tolerance of the expected pressure at that

time, and particularly if the actual pressure is far less than expected, this suggests that syringe

14 contains a significant amount of air. By way of another example, processing unit 401 can

also, or alternatively, compare consecutive pressure measurements, such as a series of

measurements taken over a two second interval, to one another to determine the rate of

pressure rise (change in pressure over time, shown by the slope of the line). Processing unit

401 can compare the measured rate of pressure rise with an expected rate of pressure rise for

a fluid. If the actual rate of pressure rise is less than expected, this would suggest that syringe

14 contains a significant amount of air. If, through any calculation method, processing unit

401 determines that syringe 14 contains an unsafe amount of air, processing unit 401 can

issue an alarm and/or stop the injector 12, preventing a dangerous amount of air from being

injected into patient. If the data received from sensors 301 does not suggest that air is present

or that the amount of air is far less than a threshold amount determined to be unsafe, no alarm

activity is required of processing unit 401. Processing unit 401 may also account for the

initial force required to overcome plunger stiction (static or breakaway friction) by

disregarding any initial spike in the pressure that occurs immediately upon the initiation of

the injection. In other embodiments, the processing unit 401 may account for capacitance



(swelling due to increasing pressure of a contained fluid) of the syringe and/or fluid path

during onset of injection and incorporate that into the calculation.

[00115] As will be appreciated, processing unit 401 should have knowledge of what force

or pressure value is expected for a fluid of specific viscosity at various times throughout the

onset period. In one embodiment, processing unit 401, or a database with which processing

unit 401 can communicate, can house information about the performance of syringe 14, other

fluid path elements, and injector 12 during the onset period, including a plot or table of the

expected pressures at various times during the onset period. Processing unit 401 can then

reference this information to determine whether the actual pressure rise is indicative of a

syringe containing substantial amounts of air or only fluid.

[00116] A variation of the embodiments of the fluid output verification mechanism is

depicted in FIGS. 7-8. With reference to FIGS. 7-8, a fluid path set 500 comprised of

syringes 14a, 14b, and additional fluid path elements, such as connector tube 501, and purge

tube 601 is shown. Connector tube 501 and purge tube 601 together create a fluid path

between syringes 14a, 14b and the proximal end of purge tube 601. Purge tube 601 is

depicted as including a luer 701 near the proximal end of purge tube 601, a flow restrictor

801 also near the proximal end of purge tube 601, such as within luer 701, and a filter or

absorbent material 901 near the distal end of purge tube 601. The fluid path set 500 depicted

in FIGS. 7-8 can be incorporated into a fluid delivery system 10 that includes additional

components such as sensors, a processing unit, and an injector consistent with the description

above. Processing unit can include a processor programmed with a set of computer-readable

operating instructions that, when executed, can detect the presence of air within the syringe

14a, 14b, connector tube 501 and/or purge tube 601, as described below.

[00117] Luer 701 is designed to connect purge tube 601 to connector tube 501. In one

embodiment, luer 701 is a female luer. Luer 701 engages with purge tube 601 to provide a

secure connection between purge tube 601 and connector tube 501 and helps prevent purge

tube 601 from disengaging with connector tube 501 during an air purge sequence or other

operation that generates a pressure increase at the point of connection between purge tube

601 and connector tube 501. Purge tube 601 may be provided pre-attached to connector tube

501 to help ensure the fluid path remains sterile and for ease of use. Purge tube 601 may

alternatively be connected to connector tube by a friction fit, though a locking mechanism

such as luer 701 that provides a more secure connection.

[00118] Flow restrictor 801 is positioned within purge tube 601 and restricts the fluid flow

through the purge tube 601, thereby, increasing the fluid pressure within purge tube 601 at



points upstream of the flow restrictor 801. Non-limiting examples of flow restrictor 801

include a valve, filter, or small hole in the luer 701 or fluid path. In FIG. 8, flow restrictor

801 is positioned within luer 701, though flow restrictor 801 can be disposed anywhere

within purge tube 601, or optionally at a known point elsewhere in the fluid path. In certain

embodiments, flow restrictor 801 is positioned near the proximal end of the purge tube 601

where the connection tube 501 transitions to the purge tube 601.

[00119] Filter 901 is positioned within purge tube 601 near the distal end of purge tube

601. Between filter 901 and flow restrictor 801 is a length of purge tube 601 that can contain

a volume of fluid. Filter 901 serves the purpose of preventing fluid contained in this length

from dripping from the distal end of purge tube 601 when purge tube 601 is disconnected

from connector tube 501. In certain embodiments, filter 901 may serve as flow restrictor 801.

[00120] According to embodiments of the fluid output verification mechanism, by

measuring the changes in pressure being applied to pass fluid through the fluid path set 500

and past the flow restrictor 801, the presence of air in the connector tube 501 and syringe

14a, 14b can be detected according to various aspects herein. In addition, by monitoring

pressure during an air purge sequence in which air contained in fluid path set 500 is purged to

ready the syringe for injection of a fluid to a patient, the completion of an air purge process

can be detected. A non-limiting description of the operation is now described. This process

can be embodied in programming instructions that are incorporated into a processing unit

associated with fluid output verification mechanism. Reference is made to FIG. 9 to assist

with the explanation of this process.

[00121] In this embodiment, fluid path set 500 is incorporated into a fluid delivery system

10 that includes an injector for controlling the delivery of fluid from syringes 14a, 14b. The

pressure applied to pass fluid through the fluid path set 500 can be determined by detecting

changes in the measurements from a strain gage or motor current servo of the injector via one

or more sensors, similar to those sensors described herein. However in other embodiments,

the pressure could be measured using alternative arrangements as well, such as an inline

sensor positioned to measure pressure at one or more known points in the syringe and/or fluid

path, for example, distal to the flow restrictor 801, such as within purge tube 601 near flow

restrictor 801.

[00122] First, the operation during an air purge sequence will be described, which

generally precedes the injection of a fluid from syringe 14a, 14b to a patient. At the onset of

the air purge sequence, an initial force is required to overcome the striction of the

plunger/piston and start movement of the plunger/piston. This is represented in FIG. 9 as the



"Syringe plunger breakaway" peak. Once movement begins, there will be a period of time

necessary to purge the air from connector tube 501. This is represented in FIG. 9 as "Air

purge pressure level through fluid restriction" portion. During this time period, liquid should

be filling the line and air is passing through the flow restrictor 801. Because air is highly

compressible and has a much lower viscosity than water or contrast, the pressure required to

force air through flow restrictor 801 is relatively low. Once the air has been purged, a front

surface of the liquid contained in syringe 14a, 14b will reach flow restrictor 801. Because

liquid is less compressible and more viscous than air, the liquid front will generate a spike in

the pressure when it reaches the flow restrictor 801 depicted in FIG. 9 at point 3. Once this

pressure spike is detected, the air purge sequence can be considered complete and the injector

is ready to inject the liquid to a patient. At this time, injector piston can be automatically or

manually instructed to stop, as depicted in FIG. 9.

[00123] Once the purge sequence is complete, a compressibility test can be performed to

ensure that no detectible or unacceptable amount of air remains in the connector tube 501

and/or syringes 14a, 14b. The compressibility test begins by performing a very slow rate,

small volume injection of liquid through the flow restrictor 801 while the purge tube 601 is

still connected. Because of the low compressibility of liquid, the passage of liquid through

flow restrictor 801 will cause a steep rise in pressure over time. During the compressibility

test, the pressure is monitored over time to determine the rate of pressure rise. The measured

pressure and time values are used to calculate a measured pressure rise for the given liquid

that is then be compared to an expected pressure rise for the given liquid to determine

whether the measured pressure rise is within a set tolerance of the expected pressure rise. If

the measured pressure rise is within the acceptable tolerance range, then it can be concluded

that little to no air remains. This is depicted as the solid line in FIG. 9 between point 5 and

point 6. On the other hand, if the measured pressure rise is outside the acceptable tolerance

range, then it can be concluded that an unacceptable amount of air remains in the connector

tube 501 and/or syringe 14a, 14b. Particularly, a measured pressure rise that is far below the

expected pressure rise indicates that a more compressible material, like air, is being passed

through the flow restrictor 801. This is depicted in FIG. 9 with the dashed line beginning

after point 5. Rather than measuring the pressure rise and comparing it to an expected

pressure rise value, the compressibility test can also (or alternatively) involve measuring the

pressure at set points in time and then comparing the measured pressure value with an

expected pressure value for the liquid at that point. Multiple pressure measurements at

multiple time points can be utilized.



[00124] Following a successful result from the compressibility test indicating little or no

air in the fluid path and/or syringe, the purge tube 501 can be removed. Because the purge

tube 501 is capable of holding an amount of fluid between the proximal and distal ends, as

described above, the fluid that is passed through the flow restrictor 801 during the

compressibility test can preferably be held within purge tube 501. The purge tube 501 may

then be discarded. The purge tube 501 may also be any other fluid receptacle, or the fluid

beyond the flow restrictor 801 may be discharged into a separate waste receptacle or other

vessel provided by the user.

[00125] Like with previously-described embodiments, various embodiments can have

associated with it a processing unit programmed with a set of computer-readable operating

instructions, one or more databases housing information about the expected pressure rise or

pressure versus time values for various system components and injection fluids and

temperatures, and an alarm unit programmed to alert an operator of any discrepancies

between the measured and the expected pressure values as this would be indicative of the

presence of air within the fluid path. Similarly, pressure measurements can be taken

continuously or periodically during the relevant time periods. The aforementioned design

could allow an auto purge to be used with any length of purge tube 601 and/or connector tube

501. Implementations of this concept should take into account all disposable system

compliance and changes over manufacturing processes, sterilization, and time that could

affect the expected or measured pressure values. Such changes can be addressed by updating

the associated database or databases to include the updated information.

[00126] Another variation of the fluid output verification mechanism is depicted in FIG.

10. With reference to the first configuration of FIG. 10, a fluid path set 1500 comprised of

syringes 114, connector tube 1501, and catheter tube 1601 is shown. Connector tube 1501

and catheter tube 1601 together create a fluid path between syringes 114 and the proximal

end of catheter tube 1601. With reference to the configuration 2 of FIG. 10, no connector

tube 1501 is present in fluid path set 1500. Fluid path set 1500 is depicted as including an

inline valve 1701. The fluid path set 1500 depicted in FIG. 10 can be incorporated into a

fluid delivery system that includes additional components such as sensors, a processing unit,

and an injector consistent with the description herein. Processing unit can include a processor

programmed with a set of computer-readable operating instructions that can be used to detect

the presence of air within the syringe 114 or connector tube 1501, as described below. In

certain embodiments, inline valve 1701 may be made from relatively inexpensive materials

so that it can be disposable.



[00127] In addition, as discussed below, inline valve 1701 may be configured such that the

valve remains in a closed position, preventing the fluid present in syringe 114 and connector

tube 1501 from passing into catheter tube 1601 until a certain pressure threshold, or "trip

pressure," is exceeded. Examples of similar valves are described in WO 2014/144651, the

disclosure of which is incorporated herein by reference. Consistent with the principles

discussed herein, pressure will build against inline valve 1701 quicker and reach a higher

value if the connector tube 1501 and other portions upstream of inline valve 1701 are filled

with an incompressible fluid such as a liquid, for example a contrast agent or saline, than if

the connector tube 1501 or other portions upstream of inline valve 1701 is filled partially or

completely with air.

[00128] In one non-limiting embodiment, inline valve 1701 is a spring-actuated pressure

luer as depicted in FIGS. 11-14. The spring-actuated pressure luer can be disposed inline

between, for example, a low pressure connecting tube (LPCT) equipped with a swivel nut and

a catheter tube. One such embodiment, shown in FIG. 12, is a two-way (bidirectional),

double spring pressure luer. With reference to FIGS. 13-14, the double spring pressure luer

can include a swivel nut to connect the double spring pressure luer to the LPCT, a male top

luer, a first spring, a large disk, a base, a small disk, a second spring, and a female bottom

luer. The first spring can be rated at, for example, 50 psi and serves to regulate the injection

pressure. In other words, an injection pressure of at least 50 psi is required to open the valve

and allow the fluid to flow from the LPCT to the catheter. Springs having other injection

pressure ratings as required for specific injection procedures can be used as well consistent

with the scope of this disclosure. The rating of the spring to be used in terms of psi is

determined based on, among other factors, the size of the tube, the compressibility of the

fluid passing through the tube, and the minimum desired injection pressure. The second

spring can be rated at, for example, 5 psi and serves to regulate the pullback pressure. The

rating of the second spring, like that of the first, can be varied. Another embodiment of the

spring-actuated pressure luer may be a single spring pressure luer which includes only the

first spring but not the second spring. In such an embodiment, only the injection pressure is

regulated by the pressure luer. In yet another non-limiting embodiment, the spring-actuated

pressure luer can include a latch that engages once the valve is open due to the trip pressure

being obtained, to retain the valve in an open position during the injection regardless of

whether the necessary pressure is applied to the valve. Such a feature will lessen the load on

the motor associated with an electronic injector.



[00129] If the fluid path set 1500 is to be disconnected from the patient prior to retracting

the plunger, the system may remain pressurized, resulting in the release of the contents of the

fluid path set 1500 once it is removed. This effect can be avoided by depressurizing the fluid

path set 1500. This can be done by, for example, allowing the piston to automatically reverse

at the end of the injection to an extent sufficient to close the valve; including the

aforementioned latch in the valve that maintains the valve in the open position after initial

pressurization; providing a small leak through the valve to slowly release pressure; and

configuring the valve so that it includes a pressure release mechanism to permit pressure to

be released when the valve is manually squeezed or turned.

[00130] As an alternative to the inline valve 1701 described herein, a pinch valve can be

used. The pinch valve can be disposed on the outside of the connector tube 1501. Pinch

valve can apply a pressure to the connector tube 1501, closing the tube by pinching the inner

wall of the tube against itself until a sufficient pressure is applied from within the tube to

overcome the pinching force applied by the pinch valve. The pinch valve works on the same

principles discussed herein. For example, pinch valve can apply a pressure of 50 psi to the

connector tube 1501. Only once this 50 psi trip pressure is overcome will fluid be allowed to

flow past the location of the pinch valve. If the pressure is not overcome in a sufficient

amount of time from the onset of the injection, an operator can be notified. At the end of the

injection, a user can manually open the pinch valve to relieve pressure. Alternatively, the

inline valve 1701 may be a stopcock which is switched between an open and a closed

position. This may be user activated or may be controlled via a connection (not shown) to the

fluid injector controller, for example processing unit 401.

[00131] As discussed herein, various embodiments of the fluid output verification

mechanism can include a processing unit 401 configured to receive measurements from

sensors and detect, based at least in part on received information, the presence of air within

syringe 14, 14a, 14b, and/or 114. Processing unit 401 can include a processor programmed

with a set of computer-readable operating instructions that, when executed, allow processing

unit 401 to determine presence of air within syringe 14, 14a, 14b, and/or 114.

[00132] In one non-limiting embodiment, processing unit 401 can execute a detection

algorithm developed through a curve fitting approach to determine if the volume of air within

the syringe 14, 14a, 14b, or 114 is beyond a predetermined limit, and prevent the injection

from proceeding if this limit is exceeded. The algorithm can be based on the least squares

method to determine the coefficients for an equation that describes the relationship between

volume displaced and pressure. The coefficients can represent initial volume, amount of air,



pressure due to friction, and stiffness. The coefficients can then be compared to one or more

thresholds to determine if air is or is not present in the syringe 14, 14a, 14b, or 114. A non-

limiting example of the manner in which such a curve fitting algorithm can be developed is

presented herein.

[00133] The experimental set-up included an MCT injector with a pressure jacketed 200

mL syringe connected directly to a pressure gauge restriction valve. The syringe was filled

with water, the valve was closed, the injector was armed, and the injection was performed at

the different test conditions set forth in FIG. 15. Various levels of plunger to barrel friction

were created using two different techniques. A pressure jacket and syringes with different

types of lubricants, including no silicon, water, soap and water, and glycerol were used. Hose

clamps were placed along the length of the pressure jacket and tightened to 5, 7.5, and 10 in-

lbs. of torque as measured with a torquemeter. Different amounts of air (0, 1, 2, 5 mL) were

added to the syringe using a hand syringe and biopsy needle. Injections were done at 1.0

mL/s for 10 mL with an initial plunger position of 150 mL and 50 mL. The last motion of the

plunger was forward for all tests. Data was acquired using a data acquisition system and

software developed in-house. The results are reflected in FIGS. 16a-16d.

[00134] The injector's average pressure signal versus the volume displaced (change in

plunger position) was plotted for each test. Averaging was done using a running average, the

average of 30 points (0.6 mL) before and including the present measurement. This causes a

ramp up at the beginning of the injection and a ramp down during the recoil. Curve fitting

and slope calculations were performed on these p-v curves using data from test conditions 1-

5. In general, plots of the averaged pressure (psi) versus volume displaced (mL) showed that

increasing the amount of air in the syringe results in lower pressures and flatter curves, as

evidenced in FIGS. 16a-16d. This was consistent for all tests. The various lubricants

produced a range of syringe frictions, with the lower frictions (soap and water) exhibiting

flatter curves and lower pressures. In addition, stiffness increased as the initial plunger

position moved forward, as evidenced in FIGS. 17a-17b.

[00135] A curve fitting algorithm based on the least squares method was written assuming

that a function describing the relationship between volume displaced and pressure was:

Vdispiaced = AO + Al [(Pgauge)/(Pabs · Po)] + l/A3(Pguage),

where: AO = volume offset (mL)

Al = nRT, amount of gas (psi-mL)

A2 = pressure due to friction (psi)



A3 = k, stiffness (psi/mL)

Po = 14.7, nominal atmospheric pressure (psi)

Pgauge = Pmotor - A2 (psi)

Pabs = Pgauge + Po (psi)

[00136] To find the best fit for this function, the coefficients (A's) were determined by

minimizing the sum of the squares of the individual errors:

∑[Vi-F(A0, Al, A2, A3, Pmotor)]2

[00137] Solving for these coefficients gives values for initial volume (AO), amount of air

(Al), pressure due to friction (A2), and stiffness (A3). Curve fitting was performed over 7-

100 psi.

[00138] Initially, a second order term was assumed in the equation. However, it was

eliminated since it did not improve the fit and slowed the algorithm. Scatter plots of the fitter

parameters versus the amount of air at various levels of syringe friction were done to examine

the coefficient variability and trends.

[00139] FIGS. 18a-18b shows the fit between the equation and the experimental data. AO

(mL) represented the initial volume at time zero. This parameter did not vary with the

amount of air in the syringe and changed only slightly with syringe friction, as shown in FIG.

19. Al (psi-mL) represented the amount of air in the syringe. Al increased with the amount

of air, varying slightly with syringe friction. On the scatter plot of FIG. 20, it is possible to

distinguish between cases with 2 or more mL of air even with different syringe frictions and

plunger positions. At plunger position 150 mL, the maximum Al value at 0 mL of air and

the minimum Al value at 2 mL air were 34.8 and 42.72, respectively. At plunger position 50

mL, these corresponding values for 0 mL air and 2 mL air were 26.16 and 33.36,

respectively. Theoretically, at 0 mL of air, Al should equal zero. However, measured Al

values for 0 mL resemble those for 1-2 mL of air. Possible explanations of this include air

under the rubber cover of the plunger or expansion of the syringe under the increased

pressure until it is constrained by the pressure jacket.

[00140] A2 (psi) was the pressure due to friction. On the scatter plot, A2 varied with

syringe friction but did not change with the calculated amount of air in the syringe, as shown

in FIG. 21. A3 (psi/mL) was the stiffness of the system. It was difficult to draw conclusions

regarding A3 from the scatter plot, FIG. 22. Scatter increased with the amount of air present



in the system. The mean stiffness for the 150 mL and 50 mL plunger positions were 118.61

and 142.09, respectively.

[00141] Curve fitting data from previous bench tests was done over 25-100 psi to account

for the mechanical slack in the head associated with different injector motions

(forward/back). This strategy produced fitted parameters that were consistent with the above

results. This indicates that Al is capable of distinguishing air from other test variables.

[00142] As an alternative to curve fitting, the detection algorithm can be based on a slope

calculation (mL/psi) of the pressure-volume curve. It is possible that a detection algorithm

based on a slope calculation approach will require less processing time, though it may not

offer as sensitive of detection as the curve fit approach. The slope calculation approach may

serve as a check on the curve fit algorithm and as a more rapid method to determine if large

amounts of air are present. A non-limiting example of the manner in which such a slope

calculation algorithm can be developed follows.

[00143] Slope calculations were performed on the p-v curves mentioned above. Slope was

calculated between pressure values of 20 and 35 psi. This region was selected over several

other regions (20-50 psi, 20-45 psi) because it was believed to be easier to observe data

trends in the smaller region. Scatter plots of slope versus the amount of air at various syringe

frictions were done to examine variability and trends. It was observed that slope was

independent of operator manipulation and that the slope increased with increasing air. There

was observed a threshold at about 0.095 mL/psi which differentiates the cases with 2 mL of

air or more from the cases with 0 mL of air, as shown in the top plot of FIG. 23. This

threshold was observed to be too high for cases where the starting plunger position is at the

50 mL position, as shown in the bottom plot of FIG. 23. For these cases, the threshold could

be 0.060 mL/psi. Even so, fixing the threshold at 0.095 mL/psi differentiates the condition

with 5 mL of air from 0 mL for both plunger positions.

[00144] Irrespective of the detection algorithm used, signals representing volume and

pressure can be input to the processing unit 401. Volume signals can be represented by the

piston plunger position. For example, piston plunger position can range from 0 to 10 V with

a scale factor of 61.1 mV/mL for a 150 mL syringe. Pressure signal represents the pressure

within the syringe. For example, the signal can range from 0 to 7.5 V with a scale factor of

6.25 mV/psi for a 150 mL syringe. Data can be sampled at intervals like those discussed

herein, such as at a rate of about 50 samples per second with approximately 100 µ sample

intervals. Low pass anti-aliasing filters can be used with the input signals. Programmable

gain amplifiers and/or programmable offsets may be included as well so that the input signal



range and gain may be scaled for greater resolution. Alternatively, digital filtering or other

processing may be used. From the results discussed herein, if it is desired to only detect

relatively large amounts or volumes of air, algorithms with relatively simple or fixed

adjustments may be used. If it is desired to detect smaller quantities of air, the algorithm may

be more sophisticated, for example to take into account one or more of plunger position in the

syringe, whether the last motion was forward (distal) or reverse (proximal), frictional

characteristics of the syringe, flow rate, pressure, and capacitance of various fluid path

elements. In certain embodiments, the algorithm may also or alternatively include a

precalculated expectation path or curve based upon any of the factors expected to affect the

curve, with the alarm being initiated if the actual pressure signal deviates from the curve by a

predetermined amount.

[00145] With reference to FIG. 24, a general description of this operation is provided. The

detection algorithm can be coded to execute after signal data is collected when the operator

initiates a request to "arm" the injector. The initialization process can include obtaining

information about the syringe 14, 14a, 14b, and/or 114 and syringe characteristics from, for

example, a database in communication with the processing unit 401 and/or from the injector.

Information about the air threshold can also be obtained, for example from memory

associated with the injector or from the user. According to an aspect, movement of the

syringe 14, 14a, 14b, and/or 114 forces fluid against inline valve 1701 while inline valve

1701 remains closed, allowing for pressure to build against inline valve 1701. During this

process, pressure and volume signals and measurements are received by processing unit 401.

The detection algorithm can be applied using this information as well as information about

the syringe 14, 14a, 14b, 114 and syringe characteristics described herein. If the fitted

parameters and/or slope calculation indicate that the air volume exceeds a predefined

threshold value for the particular syringe size and configuration, the operator can be alerted

through an alarm function. If the threshold value is exceeded, the injector can be prevented

from injecting and may return to idle state until the issue is corrected and a repeated

measurement/calculation process is performed and indicates that the air volume is below the

threshold value.

[00146] In the event of low volume injections, the additional volume it takes to inflate the

syringe 114 at the valve opening pressure may not be delivered. To address this, the inflation

volume can be excluded from the calculation of the injected volume.

[00147] Like with previously-described embodiments, this embodiment may have

associated with it a processing unit programmed with a set of computer-readable operating



instructions, one or more databases and/or memories housing information about the expected

pressure rise or pressure versus time values for various system components and injection

fluids, and an alarm unit programmed to alert an operator of any discrepancies between the

measured and the expected pressure values as this would be indicative of the presence of air

within the fluid path. Similarly, as described above with other embodiments, pressure

measurements can be taken continuously or periodically during the relevant time periods.

[00148] Although the disclosure has been described in detail for the purpose of illustration,

a flow restriction may include any fluid path element that controllably restricts flow, for

example a narrowed section of fluid path, a filter, a valve with a higher than normal opening

pressure, a valve with a specified crack pressure, for example as described in WO

2014/144651, a manually or automatically operated on off valve, stopcock, or pinch valve.

Further, assessment of fluid accuracy, suitability, and absence of air or gas above a suitable

threshold may be made during one or more of a fill, delivery, and/or any other fluid motion

stage of an overall fluid handling and delivery process.

[00149] Although the disclosure has been described in detail for the purpose of illustration

based on what is currently considered to be the most practical and preferred embodiments, it

is to be understood that such detail is solely for that purpose and that the disclosure is not

limited to the disclosed embodiments, but, on the contrary, is intended to cover modifications

and equivalent arrangements. For example, it is to be understood that the present disclosure

contemplates that, to the extent possible, one or more features of any embodiment can be

combined with one or more features of any other embodiment.



CLAIMS

We Claim:

1. A fluid delivery system, comprising:

a syringe;

a fluid injector for drawing fluid into and dispensing fluid from the syringe;

one or more sensors adapted to measure a force required to draw the fluid into the

syringe;

a processor in communication with the one or more sensors; and

a non-transitory, computer-readable storage medium in operable communication with

the processor,

wherein the computer-readable storage medium contains one or more programming

instructions that, when executed, cause the processor to receive from the one or more sensors

one or more measurements of the force required to draw the fluid into the syringe and

determine from the one or more measurements of the force required to draw the fluid into the

syringe whether a correct fluid is being drawn into the syringe.

2. The system of claim 1, wherein the programming instructions, when executed, cause

the processor to determine from the one or more measurements of the force required to draw

the fluid into the syringe whether the correct fluid is being drawn into the syringe by

comparing at least one of the one or more measurements of the force required to draw the

fluid into the syringe to a predetermined steady state force value.

3. The system of claim 2, wherein the programming instructions, when executed, cause

the processor to trigger an alarm if the at least one of the one or more measurements of the

force required to draw the fluid into the syringe is sufficiently different than the

predetermined steady state force value.

4. The system of claim 2 or 3, wherein the programming instructions, when executed,

cause the processor to stop operation of the fluid injector if the at least one of the one or more

measurements of the force required to draw the fluid into the syringe is sufficiently different

than the predetermined steady state force value.

5. The system of any of claims 1 to 4, further comprising one or more sensors adapted to

measure a force required to dispense the fluid from the syringe, wherein the one or more

programming instructions, when executed, cause the processor to receive one or more



measurements of the force required to dispense the fluid from the syringe and determine from

the one or more measurements of the force required to dispense the fluid from the syringe

whether a correct fluid is being dispensed from the syringe.

6. A method of verifying the contents of a syringe in a fluid delivery system,

comprising:

drawing a fluid into the syringe;

obtaining, using one or more sensors, one or more measurements of the force required

to draw the fluid into the syringe; and

determining, from the one or more measurements of the force required to draw the

fluid into the syringe, whether the fluid is a correct fluid.

7. The method of claim 6, wherein determining from the one or more measurements of

the force required to draw the fluid into the syringe whether the fluid is the correct fluid

comprises comparing at least one of the one or more measurements of the force required to

draw the fluid into the syringe to a predetermined steady state force value.

8. The method of claim 7, further comprising receiving the predetermined steady state

force value from a user interface associated with the fluid delivery system or from a database

associated with the fluid delivery system.

9. The method of any of claims 6 to 8, further comprising triggering an alarm if it is

determined that the fluid is not the correct fluid.

10. A fluid delivery system, comprising:

a syringe;

a fluid injector for drawing fluid into and dispensing fluid from the syringe;

one or more sensors adapted to measure a force required to dispense the fluid from the

syringe;

a processor in communication with the one or more sensors; and

a non-transitory, computer-readable storage medium in operable communication with

the processor,

wherein the computer-readable storage medium contains one or more programming

instructions that, when executed, cause the processor to receive one or more measurements of

the force required to dispense the fluid from the syringe from the one or more sensors and



determine from the one or more measurements of the force required to dispense the fluid

from the syringe whether a correct fluid is being dispensed from the syringe.

11. The system of claim 10, wherein the programming instructions, when executed, cause

the processor to determine from the one or more measurements of the force required to

dispense the fluid from the syringe whether the correct fluid is being dispensed from the

syringe by comparing at least one of the one or more measurements of the force required to

dispense the fluid from the syringe to a predetermined steady state force value.

12. The system of claim 11, wherein the programming instructions, when executed, cause

the processor to trigger an alarm if the at least one of the one or more measurements of the

force required to dispense the fluid from the syringe is sufficiently different than the

predetermined steady state force value.

13. The system of claim 11 or 12, wherein the programming instructions, when executed,

cause the processor to stop operation of the fluid injector if the at least one of the one or more

measurements of the force required to dispense the fluid from the syringe is sufficiently

different than the predetermined steady state force value.

14. A method of verifying the contents of a syringe in a fluid delivery system,

comprising:

dispensing a fluid from the syringe;

obtaining, using one or more sensors, one or more measurements of the force required

to dispense the fluid from the syringe; and

determining, from the one or more measurements of the force required to dispense the

fluid from the syringe, whether the fluid is a correct fluid.

15. The method of claim 14, wherein determining from the one or more measurements of

the force required to dispense the fluid from the syringe whether the fluid is the correct fluid

comprises comparing at least one of the one or more measurements of the force required to

dispense the fluid from the syringe to a predetermined steady state force value.

16. The method of claim 15, further comprising receiving the predetermined steady state

force value from a user interface associated with the fluid delivery system or from a database

associated with the fluid delivery system.



17. The method of any of claims 14 to 16, further comprising triggering an alarm if it is

determined that the fluid is not the correct fluid.

18. The method of any of claims 14 to 17, wherein determining, from the one or more

measurements of the force required to dispense the fluid from the syringe, whether the fluid is

a correct fluid comprises determining whether the fluid comprises air.

19. The method of any of claims 14 to 18, wherein determining, from the one or more

measurements of the force required to dispense the fluid from the syringe, whether the fluid is

a correct fluid comprises determining the compressibility of the fluid in the syringe.

20. A fluid delivery system, comprising:

a fluid path set, comprising:

a syringe;

a purge tube;

a connector tube creating a fluid path between the syringe and the purge tube;

and

a flow restrictor positioned in the purge tube and adapted to restrict fluid flow

through the purge tube;

a fluid injector for delivering a fluid through the fluid path set;

one or more sensors adapted to measure the force required to deliver the fluid through

the fluid path set;

a processor in communication with the one or more sensors; and

a non-transitory, computer-readable storage medium in operable communication with

the processor,

wherein the computer-readable storage medium contains one or more programming

instructions that, when executed, cause the processor to receive one or more measurements of

the force required to deliver the fluid through the fluid path set from the one or more sensors

and detect an increase in the force required to deliver the fluid through the fluid path set.
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