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(57) ABSTRACT 

Embodiments of the present invention monitor resistance to 
the movement of the ram and detect one or more injector 
operation conditions based on that resistance. Some embodi 
ments automatically detect whether a syringe is present in 
each syringe chamber of an injector based on ram movement 
resistance so that Subsequent steps in the inject process can be 
automatically initiated or delayed based on the presence or 
absence of the Syringe(s). Other injector operation conditions 
that can be detected include the injector's Syringe sleeve 
being misaligned for operation, the Syringe's wiper being 
misaligned within the Syringe barrel, an occlusion within the 
Syringe, overpressure during injection, and so on. A common 
way to measure resistance of the ram's movement is how 
much current is required by the motor driving the ram. 
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MONITORING INUECTOR OPERATION 

TECHNICAL FIELD 

0001. This document relates generally to the operation of 
medical fluid injection systems. 

BACKGROUND 

0002. In many medical environments, a medical fluid is 
injected into a patient during diagnosis or treatment. One 
example is the injection of contrast media into a patient to 
improve computed tomography (CT), angiographic, mag 
netic resonance (MR) or ultrasound imaging using a powered 
fluid injection system. 
0003. The contrast media is typically injected into the 
catheter by an automated injection system. While the appa 
ratus for injecting the contrast media can vary, most systems 
include a syringe operatively connected with the catheter. The 
injector includes a syringe chamber that houses a Syringe, 
which can typically be reused several times. The injector also 
includes a ram that is reciprocally moveable within the 
Syringe chamber. The contrast media is Suctioned into the 
Syringe when the ram is moved to create a partial vacuum 
within the syringe. A reversal of the ram direction first forces 
air out of the Syringe and then delivers the contrast media to 
the catheter at a rate and volume determined by the speed of 
movement of the ram. 
0004 Additionally, such procedures can include the injec 
tion of fluids other than the contrast media. For example, a 
saline flush and/or the injection of fluid medications may be 
desired. Accordingly, injectors can include multiple syringe 
chambers for housing multiple syringes, with the injector 
having a ram for each syringe chamber. These additional 
Syringe chambers and rams can function the same way as 
discussed above, with the only difference being that fluids 
other than contrast media are suctioned into and delivered out 
of the respective Syringes. Accommodating multiple syringes 
with an injector is taught by U.S. patent application Ser. No. 
12/094,009 (Publication No. 2009/0149743), titled Medical 
Fluid Injection System, which is assigned to the assignee of 
the present application and is hereby incorporated by refer 
ence in its entirety. 
0005. The process of filling a syringe with medical fluid 
and injecting the medical fluid is preferably as automated as 
possible so as to decrease the amount of time associated with 
injector setup and/or to minimize the incidence of operator 
error. Increasing setup speed can be particularly important in 
CT applications. One step that commonly produces operator 
error is loading a syringe into the proper Syringe chamber. In 
Some instances, the operator loads the Syringe into the wrong 
Syringe chamber (e.g., in procedures in which less than all of 
the Syringe chambers will be utilized). In some instances, the 
operator attempts to load the Syringe in the proper syringe 
chamber but accidentally misaligns the Syringe, leaving the 
Syringe unfit for Subsequent processes. In some instances, the 
operator is so preoccupied by the other tasks of preparing a 
patient for the procedure that he/she simply forgets to load the 
Syringe. Problems arise when the automated injection process 
commences without the Syringe(s) being properly loaded into 
the Syringe chamber(s). 

BRIEF SUMMARY 

0006 Embodiments of the present invention monitor 
resistance to the movementofaninjector's ram and detect one 
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or more operation conditions of the injector based on that 
resistance. Some embodiments automatically detect whether 
a syringe is present in one or more Syringe chambers of an 
injector based on ram movement resistance so that Subse 
quent steps in the Syringe-fill process can be automatically 
initiated or delayed based on the presence or absence of the 
Syringe(s). Other injector operation conditions that can be 
detected include the injector's Syringe sleeve being mis 
aligned for operation, the Syringe's wiper being misaligned 
within the Syringe barrel, an occlusion within the Syringe, 
overpressure during injection, and so on. A preferred way of 
measuring resistance of the ram's movement is how much 
current is required by the motor driving the ram. 
0007. In embodiments in which ram movement resistance 
is used to detect Syringe presence, the ram of the injector can 
be advanced into the respective Syringe chamber of the injec 
tor (e.g., as it normally would in a syringe-fill process), and 
the presence or absence of a syringe can be determined based 
on how much the ram's movement is resisted. If Such move 
ment is resisted by a significant amount (e.g., more than a 
threshold amount), it can be concluded that a Syringe's wiper 
is impeding the movement and thus a syringe is present. If 
Such movement is resisted by a lesser amount, it can be 
concluded that there is no syringe wiper to impede the move 
ment and thus no syringe is present. 
0008 Embodiments of the present invention can provide 
one or more of several advantages. For example, some Such 
systems can be advantageous as compared to systems that use 
optical or mechanical sensors to detect Syringe presence. In 
Such systems, medical fluid (especially contrast media) can 
become caked onto the equipment in a manner that interferes 
with the operation of the sensors, rendering them unreliable. 
In contrast, embodiments of the present invention can detect 
Syringe presence based on parameters that are very readily 
measurable and repeatable. An important advantage provided 
by many embodiments of the present invention is improved 
efficiency and time savings. Detecting many of the injector 
operation conditions discussed herein earlier rather than later 
can avoid wasting significant amounts of time. Moreover, 
increasing the automation of Such procedures can enable 
operators to perform various processes in parallel rather than 
in series. Such time savings can be especially important in a 
setting (e.g., CT) in which an operator must maintain a strict 
schedule of completing procedures within fixed periods of 
time. Some embodiments of the present invention involve 
monitoring for injection operation conditions in order to 
avoid damage to the injector itself (e.g., monitoring for a 
misaligned syringe sleeve). Some embodiments involve 
monitoring for injector operation conditions in order to 
enhance patient safety (e.g., monitoring for overpressure con 
ditions during injection). These and/or other advantages can 
be provided by embodiments of the present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

0009. The following drawings are illustrative of particular 
embodiments of the present invention and therefore do not 
limit the scope of the invention. The drawings are not to scale 
(unless so stated) and are intended for use in conjunction with 
the explanations in the following detailed description. 
Embodiments of the present invention will hereinafter be 
described in conjunction with the appended drawings, 
wherein like numerals denote like elements. 
0010 FIG. 1 is a perspective view of an illustrative injector 
in accordance with embodiments of the present invention. 
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0011 FIG. 2A is a perspective view of syringe/plunger 
assemblies of the illustrative injector of FIG. 1, with a syringe 
present in one of the Syringe/plunger assemblies. 
0012 FIG. 2B is a perspective view of syringe/plunger 
assemblies of the illustrative injector of FIG. 1, with no 
Syringe present in one of the Syringe/plunger assemblies. 
0013 FIG. 3A is a schematic view of an illustrative 
Syringe/plunger assembly in accordance with embodiments 
of the present invention, with a syringe present. 
0014 FIG. 3B is a schematic view of the illustrative 
Syringe/plunger assembly of FIG. 3A, with no syringe 
present. 
0015 FIG. 4 is a schematic view of an illustrative syringe/ 
plunger assembly in accordance with embodiments of the 
present invention, with no syringe present. 
0016 FIG. 5 is a block diagram of an illustrative injection 
system in accordance with embodiments of the present inven 
tion. 

0017 FIG. 6 is a flow chart of an illustrative method in 
accordance with embodiments of the present invention. 

DESCRIPTION 

0018. The following detailed description is exemplary in 
nature and is not intended to limit the scope, applicability, or 
configuration of the invention in any way. Rather, the follow 
ing description provides practical illustrations for implement 
ing exemplary embodiments of the present invention. 
Examples of constructions, materials, dimensions, and manu 
facturing processes may be provided for selected elements, 
and all other elements employ that which is known to those of 
skill in the field of the invention. Those skilled in the art will 
recognize that many of the examples provided have Suitable 
alternatives that can be utilized. 
0019 FIG. 1 shows an illustrative dual-syringe injector 
10, which includes a main control panel 15 and an injection 
head 20. The injector 10 can inject multiple medical fluids 
through a catheter into a patient's vasculature. As shown, a 
first medical fluid reservoir 25 is attached to the injection head 
20, and a second medical fluid reservoir 30 is also attached to 
the injection head 20. In preferred embodiments, medical 
fluid reservoir 25 comprises a bottle of sterile contrast media, 
and medical fluid reservoir 30 comprises a bag of sterile 
diluent, such as saline. While the injector 10 of FIG. 1 is a 
dual-syringe injector, it should be emphasized that embodi 
ments of the present invention can involve other types of 
injectors, such as single-syringe injectors or other kinds of 
injectors. 
0020. The injection head 20 can include various compo 
nents. For example, the injection head 20 includes a second 
ary control panel 35, first and second Syringe/plunger assem 
blies 40 and 45, and various valvefair detect assemblies. The 
injector 10 is capable of drawing fluid from medical fluid 
reservoir 25 into syringe/plunger assembly 40 via tubing 50. 
and is further capable of drawing fluid from medical fluid 
reservoir 30 into syringe/plunger assembly 45 via tubing 55. 
Syringe/plunger assembly 40 is capable of expelling medical 
fluid into output tubing 60, and syringe/plunger assembly 45 
is capable of expelling medical fluid into output tubing 65. 
The output tubing 60, 65 can include a reusable portion and a 
single-use portion. In this way, the single-use portions of the 
output tubing 60, 65 are coupled to the patient catheter and are 
discarded after a patient procedure. The reusable portions are 
those portions of the tubing that are directly coupled to the 
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outputs of the syringe/plunger assemblies 40, 45. The reus 
able portions and single-use portions may be coupled by fluid 
COnnectOrS. 

0021. The injector 10 further includes both a main control 
panel 15 and also a secondary control panel 35. An operator of 
the injector 10 may use the main control panel 15 to set up one 
or more parameters of an injection procedure prior to initia 
tion of the procedure. The operator may also use the main 
control panel 15 to modify one or more aspects, parameters, 
etc. of an injection procedure during the procedure, or may 
also use the main control panel 15 to pause, resume, or end an 
injection procedure and begin a new procedure. The main 
control panel 15 can display various injection-related infor 
mation to the operator, such as flow rate, Volume, pressure, 
rise time, procedure type, fluid information, and patient infor 
mation. The secondary control panel 35 can provide a subset 
of functions provided by the main control panel 15. For 
example, the operator may use the secondary control panel 35 
to manage injector setup. The operator may interact with the 
secondary control panel 35 to manage the setup of the injec 
tor. The secondary control panel 35 may display guided setup 
instructions that aid in this process. 
0022 FIGS. 2A-2B show the syringe/plunger assemblies 
40, 45 in greater detail. In FIG. 2A, a syringe 70 is housed by 
a syringe chamber 75 of syringe/plunger assembly 45. In FIG. 
2B, no syringe is present in the syringe chamber 75. If a given 
injection procedure calls for Syringe 70 being in Syringe 
chamber 75, the configuration of FIG. 2A is proper. Similarly, 
if the procedure calls for no syringe in syringe chamber 75, 
the configuration of FIG. 2B is proper. On the other hand, if 
the procedure calls for no syringe in syringe chamber 75, the 
configuration of FIG. 2A is improper, and if the procedure 
calls for a syringe in Syringe chamber 75, the configuration of 
FIG. 2B is improper. As is discussed in greater detail below, it 
can be advantageous to determine automatically whether 
Syringes are loaded into the Syringe chambers as called for by 
the particular procedure. 
0023 The functionality of an exemplary syringe/plunger 
assembly 105 is discussed in connection with FIGS. 3A-3B. 
As shown, the Syringe/plunger assembly 105 includes a 
syringe chamber 110, a ram 115, a spud 120, and a motor 125. 
The syringe chamber 110 can include an inlet port 126 and an 
outlet port 127. In FIG. 3A, a syringe 130 is housed in the 
syringe chamber 110. The syringe 130 can include a wiper 
135 that is engaged by the spud 120 of the syringe/plunger 
assembly 105 during injection operations, as is discussed in 
greater detail below. The syringe 130 can include an inlet 
opening 136 that coincides with the inlet port 126 of the 
syringe chamber 110, along with an outlet opening 137 that 
coincides with the outlet port 127 of the syringe chamber 110. 
In FIG. 3B, no syringe is present in the syringe chamber 110. 
0024. The motor 125 can include a linear actuator that 
drives the ram 115 in both an advancing direction AD and a 
retracting direction RD. The motor 125 can be configured to 
drive the ram 115 through substantially the entire syringe 
chamber 110, from the proximal end 111 to the distal end 112. 
The degree to which movement of the ram 115 is resisted can 
impact how hard the motor 125 must work to drive the ram 
115 and, in turn, how much current is required by the motor 
125 to drive the ram 115. In many embodiments, the current 
required by the motor 125 is directly proportional to the 
resistance of the movement of the ram 115. For example, 
determining the resistance pressure can involve a form of the 
slope/intercept formula: y32 mx--b. In this formula, y would 
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represent motor current, X would represent resistance pres 
Sure, and mand b would be constants derived for each injector 
during the manufacturing/calibration process. Accordingly, 
solving for X would result in the following formula: x=(y-b)/ 

0025 Referring to FIG. 3A, upon confirmation that the 
syringe 130 is present in the syringe chamber 110, the motor 
125 can drive the ram 115 in the advancing direction AD until 
the spud 120 engages the wiper 135 of the syringe 130. As the 
ram 115 encounters the wiper 135, resistance to the move 
ment of the ram 115 increases, thereby increasing the amount 
of current required by the motor 125. As the ram 115 presses 
the spud 120 into the wiper 135, the periphery of the wiper 
135 folds over the spud 120 to create a flange 140. In this way, 
the ram 115 can push the wiper 135 in the advancing direction 
AD and pull the wiper 135 in the retracting direction RD. 
0026. When the ram 115 has engaged the wiper 135, the 
syringe 130 can be filled with medical fluid, and the medical 
fluid can be injected into a patient's vasculature through a 
catheter. To fill the syringe 130 with medical fluid, the motor 
125 can drive the ram 115 in the advancing direction AD until 
the leading edge of the wiper 135 is in proximity to the distal 
end 112 of the syringe chamber 110. During this step, fric 
tional forces between the wiper 135 and the inner wall of the 
syringe 130 resist the movement of the ram 115. In preferred 
embodiments, this frictional force can be approximately 55 to 
65 pounds. The outlet port 127 of the syringe chamber 110 
can be sealed, and the inlet port 126 can be in fluid commu 
nication with a medical fluid source. The motor 125 can then 
retract the ram 115 and the wiper 135 in the retracting direc 
tion RD, thereby creating negative pressure within the Syringe 
130 between the wiper 135 and the distal end 112, which 
draws medical fluid into the syringe 130 through the inlet port 
126 and the inlet opening 136. As the ram 115 and wiper 135 
are fully retracted, the syringe 130 is filled with medical fluid. 
To inject the medical fluid from the syringe 130 into a 
patient's vasculature through a catheter, the inlet port 126 can 
be sealed, and the outlet port 127 can be in fluid communica 
tion with the catheter. Then the motor 125 can again drive the 
ram 115 and the wiper 135 in the advancing direction AD to 
press the medical fluid out of the syringe 130 through the 
outlet opening 137 and the outlet port 127. 
0027 FIG. 4 shows an illustrative syringe/plunger assem 
bly 205 that can be used in some embodiments of the present 
invention. The motor 125 and ram 115 of FIG. 4 can be the 
same as those in FIGS. 3A-3B. As can be seen, however, the 
spud 220 and the distal end 212 of the syringe chamber 210 of 
FIG. 4 are different from those in FIGS. 3A-3B. Referring to 
FIG. 4, the leading/distal edge of the spud 220 has a conical 
shape, which corresponds to the shape of the distal end 212 of 
the syringe chamber 210. The motor 125 can drive the ram 
115 in the advancing direction AD or the retracting direction 
RD, thereby driving the spud 220 between the proximal end 
211 and the distal end 212 of the syringe chamber. Unlike the 
syringe chamber 110 of FIGS. 3A-3B in which the inlet port 
126 is separate from the outlet port 127, the syringe chamber 
210 of FIG. 4 includes a single inlet/outlet port 228 through 
which medical fluid can be guided in either direction. 
0028 FIG. 5 is a block diagram of an illustrative injection 
system 400 in accordance with embodiments of the present 
invention. The injection system can include an injector 405 
and an injector control system 410. The injector 405 can 
include one or more Syringe chambers, along with one or 
more rams and one or more motors. The Syringe chambers, 
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rams, and motors can have the same or similar attributes as 
those discussed elsewhere herein. 

0029. The injector control system 410 can include a pro 
grammable processor 415 and a storage device 420, which 
can store various software modules designed for specific 
functionality. As shown in FIG. 5, the storage device 420 
includes a ram motion data module 425, a resistance detection 
module 430, an operation condition detection module 435, 
and an inject process module 440. The software modules 
stored by the storage device 420 can vary depending on a 
variety of factors, such as the kind of injector 405, the kind of 
inject process, and so on. Many additional software modules 
can be stored by the storage device 420 and/or the function 
ality of the various software modules can be modified to fit the 
particular application. 
0030. When executed by the programmable processor 
415, the ram motion data module 425 can cause the program 
mable processor 415 to collect a set of ram motion informa 
tion for each ram indicating that that ram is moving in an 
advancing or retracting direction in the Syringe chamber. The 
inject process module 440 can instruct the programmable 
processor 415 to move the ram in accordance with an injector 
operation process (e.g., a Syringe-fill process, a preliminary 
saline injection to check for extravasation, etc.). The ram 
motion data module 425 can assist the programmable proces 
Sor 415 in confirming that the ram is indeed moving. In some 
embodiments, the ram motion information includes the loca 
tion of the ram (e.g., the location of the Spud) relative to a 
reference point, such as the proximal or distal end of the 
Syringe chamber. For example, to detect whether a syringe is 
present, the injector control system 410 can confirm whether 
the Spud has advanced far enough from its resting position 
Such that it would encounter the Syringe's wiper if the Syringe 
were present. In another example, to detect if the Syringe's 
wiper is misaligned, the injector control system 410 can 
assess ram resistance levels when the spud is located near the 
distal end of the Syringe chamber (where the leading edge of 
the misaligned wiper would first encounter the distal end of 
the Syringe). In some embodiments, the ram motion informa 
tion includes the duration of time that the ram has been 
moving (e.g., from a reference time marker Such as when the 
ram first moved from rest, when the ram began retracting, 
etc.). For example, if it is known that the ram begins retracting 
X seconds into the Syringe-fill process, the injector control 
system 410 can begin monitoring ram resistance after X Sec 
onds have elapsed to determine whether the proper vacuum is 
being created within the Syringe chamber. In some embodi 
ments, the ram motion information includes a rate at which 
the ram is moving or accelerating. In some embodiments, the 
ram motion information includes other information related to 
the ram's movement that may be relevant to one or more 
injector operation conditions. 
0031 When executed by the programmable processor 
415, the resistance detection module 430 can cause the pro 
grammable processor 415 to collect a set of resistance infor 
mation for each ram indicating how much the movement of 
that ram in the advancing or retracting direction is resisted. 
For systems in which one or more motors are configured to 
drive one or more rams, the first set of resistance information 
can include how much current is required by the motor(s) to 
drive the ram(s). In some embodiments, the resistance infor 
mation is based on parameters other than motor current. Such 
as the acceleration of the ram. 
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0032. When executed by the programmable processor 
415, the operation condition detection module 435 can cause 
the programmable processor 415 to detect one or more injec 
tor operation conditions. The operation condition detection 
module 435 can cause the programmable processor 415 to 
receive the set(s) of ram motion information from the ram 
motion data module 425 and to receive the set(s) of resistance 
information from the resistance detection module 430. The 
programmable processor 415 can then, as caused by the 
operation condition detection module 435, determine 
whether one or more of several injector operation conditions 
are present based on the set(s) of ram motion information and 
the set(s) of resistance information. 
0033. The operation condition detection module 435 can 
cause the programmable processor 415 to monitor for one or 
more of a variety of injector operation conditions. For 
example, one Such condition is the Syringe sleeve being mis 
aligned for operation. The Syringe sleeve acts as a door for 
permitting access to the Syringe chamber. If the Syringe sleeve 
is not closed properly (e.g., due to misalignment of the 
Syringe), the Spud can press against it during ram advance 
ment or pull against it during ram retraction and cause sig 
nificant damage. The operation condition detection module 
435 can cause the programmable processor 415 to monitor for 
the ram improperly contacting the Syringe sleeve based on the 
ram motion information (e.g., is the Spud near the proximal or 
distal end of the syringe chamber?) and the resistance infor 
mation (e.g., has the motor current spiked to an unusually 
high level?). Another example of a condition that can be 
watched for by the programmable processor 415, as prompted 
by the operation condition detection module 435, is whether 
there is an occlusion in the Syringe (e.g., due to crusted 
contrast material, Syringe manufacturing abnormalities, etc.). 
If the ram motion information and the resistance information 
indicate, for example, that there is a heightened resistance to 
the ram's movement when the ram is located in a position that 
would ordinarily result in minimal resistance, the operation 
condition detection module 435 can cause the programmable 
processor 415 to Suggest that the Syringe may have an occlu 
sion. Another example of a monitorable condition is whether 
the Syringe wiper is misaligned within the Syringe barrel. As 
alluded to above, if the Syringe wiper is not alighted coaxially 
with the Syringe barrel, one part of the Syringe wiper can 
contact the distalend of the syringe barrel first. This can cause 
the Syringe wiper to be crushed, which results in significant 
time wasting due to having to reload a new syringe and restart 
the process. If the ram motion information and the resistance 
information indicate, for example, that there is a heightened 
resistance to the ram’s movement as the Spud approaches the 
distal end of the Syringe chamber, the operation condition 
detection module 435 can cause the programmable processor 
415 to suggest that the Syringe wiper is misaligned. 
0034. In preferred embodiments, the operation condition 
detection module 435 can cause the programmable processor 
415 to determine whether a syringe is present in the Syringe 
chamber(s) by drawing conclusions based on the resistive 
pressure experienced by the ram in advancing. If the first set 
of resistance information indicates that the movement of the 
first ram in the advancing direction is resisted by a predeter 
mined amount of pressure or more, the operation condition 
detection module 435 can cause the programmable processor 
415 to conclude that a Syringe is present in the first Syringe 
chamber. In this situation, it can be concluded that the resis 
tive pressure is applied by the wiper of a syringe, meaning that 
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a syringe is indeed present. If the first set of resistance infor 
mation indicates that the movement of the first ram in the 
advancing direction is resisted by less than the predetermined 
amount of pressure, the operation condition detection module 
435 can cause the programmable processor 415 to conclude 
that no syringe is present in the first Syringe chamber. In this 
situation, it can be concluded that the ram is advancing unim 
peded by a syringe wiper, meaning that no syringe is present. 
0035. The amount of ram resistance pressure that is 
indicative of syringe presence can vary from one embodiment 
to another. In many embodiments, approximately 55-65 psi is 
required to move the Syringe wiper from its resting position. 
Thus, in Such embodiments, setting the predetermined 
amount of pressure to a value below 55 psi (e.g., 10 psi) can 
provide the desired effect. 
0036 When executed by the programmable processor 
415, the inject process module 440 can cause the program 
mable processor 415 to perform a variety of functions relating 
to injecting medical fluids into a patient's vasculature. As 
discussed it is preferable that the inject process be as auto 
mated as possible. Automatically detecting the presence or 
absence of a Syringe in the Syringe chamber(s) can enhance 
the inject process. In particular, in some embodiments, the 
inject process module 440 can cause the programmable pro 
cessor 415 to automatically begin a syringe-fill process if it is 
determined that a Syringe is present in a respective Syringe 
chamber. In some embodiments, the inject process module 
440 can cause the programmable processor 415 to halt the 
inject process and alert an operator if it is determined (a) that 
no syringe is present in a respective Syringe chamber, (b) that 
the Syringe sleeve is misaligned, (c) that the Syringe wiper is 
not coaxial with the Syringe barrel, (d) that there is an occlu 
sion in the Syringe, etc. 
0037. In some embodiments, the operation condition 
detection module 435 can cause the programmable processor 
415 to monitor for injector operation conditions while the 
injector is injecting contrast media into a patient's vascula 
ture. For example, one such condition is injection overpres 
Sure. If the ram motion information and/or the resistance 
information indicate an abnormally high resistance during 
injection, the inject process module 440 can cause the pro 
grammable processor 415 to halt the process and alert an 
operator. This and similar functions of the operation condi 
tion detection module 435 can provide significant enhance 
ments to patient safety. 
0038. The injector control system 410 can be located in a 
variety of locations. In preferred embodiments, the injector 
control system 410 can be located in the injector 405 itself. In 
some embodiments, the injector control system 410 can be 
located separately from the injector 405. In some embodi 
ments, the injector control system 410 can be located on a 
server that is remote from the injector 405 and can commu 
nicate with the injector 405 via a network 445 (e.g., the 
Internet). In Such embodiments, the operator can entera com 
mand into the control panel, components in the injector can 
package the command and send it over the network 445 to the 
injector control system 410, and the injector control system 
410 can initiate a responsive action and communicate that 
action to the injector 405 via the network 445. 
0039 FIG. 6 shows an illustrative method that can be 
implemented in accordance with embodiments of the present 
invention. As shown, the method includes providing an injec 
tor with attributes like those discussed elsewhere herein 
(505). The method of FIG. 6 involves at least two syringe 
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chambers, motors, and rams, but it should be understood that 
the principles shown and discussed herein can be incorpo 
rated into a method for use with a single-syringe injector. 
0040. The method of FIG. 6 includes moving a first ram 
(510) and moving a second ram (515). For example, the 
method can include causing the first ram to move a first 
distance in the advancing direction in a first Syringe chamber 
of the injector. Similarly, the method can include causing the 
second ram to move a second distance in the advancing direc 
tion in a second syringe chamber of the injector. In preferred 
embodiments, causing the ram(s) to move in the advancing 
direction can include driving the ram(s) with motor(s). 
0041. As the rams are moved (510,515), resistance of that 
movement can be measured. The method can include mea 
Suring how much the movement of the first ram in the advanc 
ing direction is resisted (520). Similarly, the method can 
include measuring how much the movement of the second 
ram in the advancing direction is resisted (525). As is dis 
cussed elsewhere herein, in embodiments in which causing 
the ram(s) to move in the advancing direction involve driving 
the ram(s) with motor(s), measuring how much that move 
ment is resisted can include measuring how much current the 
motor(s) require to drive the ram(s). 
0042. In the method of FIG. 6, a determination can be 
made whether the first ram has moved a first distance (530) 
and whether the second ram has moved a second distance 
(535). In many embodiments, a ram must move at least a 
threshold distance before any conclusion can be drawn 
regarding the presence or absence of a syringe in the respec 
tive Syringe chamber. For example, if the ram moves less than 
the threshold distance, it may not yet have moved to where a 
Syringe wiper would be. In that example, a false conclusion 
could be drawn that no syringe is present. For this and other 
similar reasons, many embodiments involve determining 
whether each ram has moved a threshold distance. If the first 
ram has not moved a first distance, the first ram can again be 
moved (510), and if the second ram has not moved a first 
distance, the second ram can again be moved (515). 
0043. If the rams have moved the threshold distance (e.g., 
far enough to encounter a syringe wiper if present), determi 
nations can be made regarding the presence/absence of 
Syringes in the respective Syringe chambers. A determination 
can be made whether the resistance of the first ram's move 
ment exceeds a first predetermined amount (540) and whether 
the resistance of the second ram's movement exceeds a sec 
ond predetermined amount (545). If the movement of the first 
ram in the advancing direction is resisted by less than the first 
predetermined amount of pressure, it can be concluded that 
no syringe is present in the first syringe chamber (550). On the 
other hand, if the movement of the first ram in the advancing 
direction is resisted by the first predetermined amount of 
pressure or more, it can be concluded that a Syringe is present 
in the first syringe chamber (555). Similarly, if the movement 
of the second ram in the advancing direction is resisted by the 
second predetermined amount of pressure or more, it can be 
concluded that a syringe is present in the second Syringe 
chamber (560). On the other hand, if the movement of the 
second ram in the advancing direction is resisted by less than 
the second predetermined amount of pressure, it can be deter 
mined that no syringe is present in the second syringe cham 
ber (565). In some embodiments, both the first predetermined 
amount of pressure and the second predetermined amount of 
pressure is approximately 10 psi. 
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0044. In preferred embodiments, subsequent actions can 
automatically be taken based on the determination of whether 
Syringes are present in the Syringe chambers. As shown, if it 
is concluded that no syringe is present in the first Syringe 
chamber (550), an operator can be alerted (570), and if it is 
concluded that no syringe is present in the second Syringe 
chamber (565), an operator can be alerted (585). If it is deter 
mined that a syringe is present in the first Syringe chamber 
(555), a syringe-fill process can automatically be begun for 
that syringe (575), and if it is determined that a syringe is 
present in the second syringe chamber (560), a syringe-fill 
process can automatically be begun for that syringe (580). 
Other subsequent actions may be taken based on whether 
Syringes are present in the Syringe chambers, depending on 
the type of injector, the injection procedure, and a variety of 
other factors. 

0045. It should be emphasized that the method shown in 
FIG. 6 is for illustration only. Any of the functionality dis 
cussed herein in connection with a system (see FIG. 5) may 
also be implemented by a method (and vice versa). Methods 
of monitoring for injector operation conditions other than 
Syringe presence/absence would involve similar steps. The 
order of steps provided in the methods shown in FIG. 6 is 
provided for purposes of illustration only, and other orders 
that achieve the functionality recited are within the scope of 
the present invention. Any of the functionality discussed any 
where herein may be implemented in the method shown in 
FIG. 6. 

0046 Aspects and features of the present invention (e.g., 
as discussed herein in connection with the system of FIG. 5 
and/or the method of FIG. 6) can be implemented in a com 
puter-readable medium. The computer-readable medium can 
be an electronic, optical, magnetic, or other storage or trans 
mission device capable of providing computer-readable 
instructions to a programmable processor. Examples of com 
puter-readable media include a floppy disk, CD-ROM, mag 
netic disk, memory chip, ROM, RAM, an ASIC, a configured 
processor, all kinds of optical media, all kinds of magnetic 
tape or other magnetic media, or any other medium from 
which a computer processor can read instructions. 
0047. The medium can be programmed with instructions 
for preparing an injector (e.g., one with one or more attributes 
of injectors discussed elsewhere herein) for operation. The 
medium can include instructions for causing a programmable 
processor to receive one or more sets of ram advancement 
information, depending on how many rams and Syringe 
chambers are included in the injector. Each set of ram 
advancement information can indicate that the corresponding 
ram of the injector has moved a given distance in the advanc 
ing direction in the corresponding syringe chamber of the 
injector. The ram advancement information can include infor 
mation discussed herein in connection with moving the ram 
(s) in the advancing direction. 
0048. The medium can include instructions for causing the 
programmable processor to receive one or more sets of resis 
tance information, again depending on the number of rams 
and Syringe chambers that are included in the injector. Each 
set of resistance information can indicate how much the 
movement of the corresponding ram in the advancing direc 
tion was resisted. In preferred embodiments, a set of resis 
tance information can include how much current was required 
by a motor of the injector to drive the corresponding ram in 
the corresponding Syringe chamber. The resistance informa 
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tion can include information discussed herein in connection 
with how the movement of the ram(s) in the advancing direc 
tion is resisted. 

0049. The medium can include instructions for causing the 
programmable processor to determine whether a Syringe is 
present in each syringe chamber based on the set(s) of ram 
advancement information and the set(s) of resistance infor 
mation. In preferred embodiments, the instructions for caus 
ing the programmable processor to determine whether a 
Syringe is present in the Syringe chamber(s) comprise instruc 
tions for causing the programmable processor to draw con 
clusions based on a predetermined amount of pressure. If a set 
of resistance information indicates that the movement of the 
corresponding ram in the advancing direction was resisted by 
a predetermined amount of pressure or more, the processor 
can conclude that a syringe is present in that Syringe chamber. 
On the other hand, if a set of resistance information indicates 
that the movement of the corresponding ram in the advancing 
direction was resisted by less than the predetermined amount 
of pressure, the processor can conclude that no syringe is 
present in that Syringe chamber. In particularly preferred 
embodiments, the predetermined amount of pressure to be 
used for each set of resistance information can be approxi 
mately 10 psi. Principles for making this determination are 
discussed in greater detail elsewhere herein. 
0050. As noted above, determinations can be made regard 
ing Subsequent actions based on whether a syringe is present 
or not. The medium can include instructions for causing the 
programmable processor to begin a syringe-fill process if it is 
determined that a Syringe is present in the first Syringe cham 
ber. The medium can include instructions for causing the 
programmable processor to alert an operator if it is deter 
mined that no syringe is present in the first Syringe chamber. 
Other instructions may be incorporated into the computer 
readable medium for causing the programmable processor to 
take Subsequent actions, as is discussed elsewhere herein. 
0051. In some aspects, a computer-readable medium can 
be programmed with instructions for detecting a condition of 
an injector's operation. The medium can include instructions 
for causing a programmable processor to receive a first set of 
ram motion information regarding movement of a first ram of 
the injector in a first syringe chamber of the injector. The 
medium can include instructions for causing a programmable 
processor to receive a first set of resistance information indi 
cating how much the movement of the first ram was resisted. 
The medium can include instructions for causing a program 
mable processor to determine whether a first injector opera 
tion condition is present based on the first set of ram motion 
information and the first set of resistance information. In 
preferred embodiments, the first set of resistance information 
can include how much current was required by a motor of the 
injector to drive the first ram in the movement of the first ram. 
0052. In some preferred embodiments, the first injector 
operation condition comprises a first Syringe being present in 
the first Syringe chamber. Some such embodiments include 
instructions for causing the programmable processor to con 
clude that the first Syringe is present in the first Syringe cham 
ber if the first set of resistance information indicates that the 
movement of the first ram was resisted by a predetermined 
amount of pressure or more. Some such embodiments include 
instructions for causing the programmable processor to con 
clude that no syringe is present in the first Syringe chamber if 
the first set of resistance information indicates that the move 
ment of the first ram was resisted by less than the predeter 
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mined amount of pressure. In some Such embodiments, the 
medium can further include instructions for causing the pro 
grammable processor to begin a syringe-fill process if it is 
determined that the first Syringe is present in the first Syringe 
chamber. 

0053. In some embodiments, the medium further com 
prises instructions for causing the programmable processor to 
determine whether a second injector operation condition is 
present. In preferred embodiments, the second injector opera 
tion condition is a second Syringe being present in a second 
Syringe chamber of the injector. In Such embodiments, the 
programmable processor can receive a second set of ram 
motion information regarding movement of a second ram of 
the injector in the second Syringe chamber of the injector. In 
Such embodiments, the programmable processor can receive 
a second set of resistance information indicating how much 
the movement of the second ram was resisted. In many Such 
embodiments, the programmable processor can determine 
whether the second Syringe is present in the second Syringe 
chamber based on the second set of ram motion information 
and the second set of resistance information. In some embodi 
ments, the programmable processor can determine whether a 
second injector operation condition is present based on the 
first set of ram motion information and the first set of resis 
tance information. 

0054 As discussed elsewhere herein, the injector opera 
tion condition(s) detected by embodiments of the present 
invention can be selected from a group consisting of a first 
Syringe being present in the first Syringe chamber, a syringe 
sleeve of the first Syringe chamber being not closed properly 
for operation, a wiper of the first Syringe being misaligned 
with a barrel of the first syringe, an occlusion within the 
Syringe, and overpressure during injection. 
0055. In some aspects, the present invention can be 
embodied in a method. The method can include providing an 
injector that has one or more of the characteristics discussed 
herein, including a first Syringe chamber and a first ram. The 
method can include causing the first ram to move in an 
advancing direction and/or a retracting direction in the first 
Syringe chamber. The method can include measuring how 
much the movement of the first ram is resisted. In many 
preferred embodiments, measuring how much the movement 
of the first ram is resisted includes measuring current Supplied 
to a motor that drives the movement of the first ram. In many 
preferred embodiments, the method includes concluding that 
a first injector operation condition is present based on one or 
more characteristics of the movement of the first ram and on 
how much the movement of the first ram is resisted. Examples 
of injector operation conditions include a first Syringe being 
present in the first Syringe chamber, a syringe sleeve of the 
first Syringe chamber being not closed properly for operation, 
a wiper of the first Syringe being misaligned with a barrel of 
the first Syringe, an occlusion within the Syringe, and over 
pressure during injection. 
0056. As noted, in some embodiments, the first injector 
operation condition is that a first Syringe is present in the first 
Syringe chamber. The one or more characteristics of the 
movement of the first ram can include that the first ram has 
moved a first distance. How much the movement of the first 
ram is resisted can include that the movement of the first ram 
is resisted by a first predetermined amount of pressure or 
more. In some Such embodiments, the method can further 
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include automatically beginning a syringe-fill process if it is 
concluded that the first Syringe is present in the first Syringe 
chamber. 

0057. Some embodiments involve monitoring for multiple 
injector operation conditions. Some injectors include a sec 
ond Syringe chamber and a second ram. In that context, the 
method can further include causing the second ram to move a 
second distance in the second Syringe chamber and measur 
ing how much the movement of the second ram is resisted. 
Additionally, in that context, the method can include conclud 
ing that a second Syringe is present in the second Syringe 
chamber if the movement of the second ram is resisted by a 
second predetermined amount of pressure or more or no 
Syringe is present in the second Syringe chamber if the move 
ment of the second ram is resisted by less than the second 
predetermined amount of pressure. 
0058. In some aspects, the present invention can be 
embodied in an injection system. The injection system can 
include an injector, Such as those discussed herein, which 
may include a first Syringe chamber and a first ram. The 
injection system can also include an injector control system 
that has a processor and a storage device. The storage device 
can include a ram motion data module, a resistance detection 
module, and an operation condition detection module. When 
executed by the processor, the ram motion data module can 
cause the processor to collect a first set of ram motion infor 
mation regarding movement of the first ram in the first Syringe 
chamber. When executed by the processor, the resistance 
detection module can cause the processor to collect a first set 
of resistance information indicating how much the movement 
of the first ram is resisted. When executed by the processor, 
the operation condition detection module can cause the pro 
cessor to receive the first set of ram motion information from 
the ram motion data module, receive the first set of resistance 
information from the resistance detection module, and deter 
mine whether a first injector operation condition is present 
based on the first set of ram advancement information and the 
first set of resistance information. In some preferred injection 
systems, the injector has a motor configured to drive the first 
ram, and the first set of resistance information includes how 
much current is required by the motor to drive the first ram. 
Examples of injector operation conditions include those dis 
cussed elsewhere herein. Examples of ram motion informa 
tion include a location of the first ram relative to a reference 
point, a duration of time that the first ram has been moving, a 
rate at which the first ram is moving or accelerating, and so on. 
0059. In some embodiments, the operation condition 
detection module, when executed by the processor, can cause 
the processor to determine whether a first Syringe is present in 
the first Syringe chamber. In many embodiments, a conclu 
sion may be drawn that a first Syringe is present in the first 
Syringe chamber if the first set of resistance information indi 
cates that the movement of the first ram is resisted by a 
predetermined amount of pressure or more. Similarly, in 
many embodiments, a conclusion may be drawn that no 
Syringe is present in the first Syringe chamber if the first set of 
resistance information indicates that the movement of the first 
ram is resisted by less than the predetermined amount of 
pressure. In some embodiments, the storage device further 
includes an inject process module that, when executed by the 
processor, causes the processor to automatically begin a 
Syringe-fill process if it is determined that the first Syringe is 
present in the first Syringe chamber. 
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0060. In the foregoing detailed description, the invention 
has been described with reference to specific embodiments. 
However, it may be appreciated that various modifications 
and changes can be made without departing from the scope of 
the invention as set forth in the appended claims. Thus, some 
of the features of preferred embodiments described herein are 
not necessarily included in preferred embodiments of the 
invention which are intended for alternative uses. 
What is claimed is: 
1. A computer-readable medium programmed with 

instructions for detecting a condition of an injector's opera 
tion, the medium comprising instructions for causing a pro 
grammable processor to: 

(a) receive a first set of ram motion information regarding 
movement of a first ram of the injector in a first Syringe 
chamber of the injector; 

(b) receive a first set of resistance information indicating 
how much the movement of the first ram was resisted; 
and 

(c) determine whether a first injector operation condition is 
present based on the first set of ram motion information 
and the first set of resistance information. 

2. The medium of claim 1, wherein the first injector opera 
tion condition comprises a first Syringe being present in the 
first Syringe chamber. 

3. The medium of claim 2, wherein the instructions for 
causing the programmable processor to determine whether 
the first Syringe is present in the first Syringe chamber com 
prise instructions for causing the programmable processor to 
conclude that (i) the first Syringe is present in the first Syringe 
chamber if the first set of resistance information indicates that 
the movement of the first ram was resisted by a predetermined 
amount of pressure or more or (ii) no syringe is present in the 
first syringe chamber if the first set of resistance information 
indicates that the movement of the first ram was resisted by 
less than the predetermined amount of pressure. 

4. The medium of claim 2, further comprising instructions 
for causing the programmable processor to (d) begin a 
Syringe-fill process if it is determined that the first Syringe is 
present in the first Syringe chamber. 

5. The medium of claim 2, further comprising: 
(d) receive a second set of ram motion information regard 

ing movement of a second ram of the injectorina second 
Syringe chamber of the injector, 

(e) receive a second set of resistance information indicating 
how much the movement of the second ram was resisted; 
and 

(f) determine whether a second Syringe is present in the 
second Syringe chamber based on the second set of ram 
motion information and the second set of resistance 
information. 

6. The medium of claim 1, wherein the first set of resistance 
information includes how much current was required by a 
motor of the injector to drive the first ram in the movement of 
the first ram. 

7. The medium of claim 1, further comprising instructions 
for causing the programmable processor to (d) determine 
whether a second injector operation condition is present 
based on the first set of ram motion information and the first 
set of resistance information. 

8. The medium of claim 1, wherein the first injector opera 
tion condition is selected from a group consisting of a first 
Syringe being present in the first Syringe chamber, a syringe 
sleeve of the first Syringe chamber being not closed properly 
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for operation, a wiper of the first Syringe being misaligned 
with a barrel of the first syringe, an occlusion within the 
Syringe, and overpressure during injection. 

9. A method comprising: 
(a) providing an injector that includes (i) a first Syringe 
chamber and (ii) a first ram; 

(b) causing the first ram to move in an advancing direction 
and/or a retracting direction in the first Syringe chamber; 

(c) measuring how much the movement of the first ram is 
resisted; and 

(d) concluding that a first injector operation condition is 
present based on one or more characteristics of the 
movement of the first ram and on how much the move 
ment of the first ram is resisted. 

10. The method of claim 9, wherein 
the first injector operation condition is that a first Syringe is 

present in the first Syringe chamber, 
the one or more characteristics of the movement of the first 

ram includes that the first ram has moved a first distance, 
and 

how much the movement of the first ram is resisted 
includes that the movement of the first ram is resisted by 
a first predetermined amount of pressure or more. 

11. The method of claim 10, further comprising (e) auto 
matically beginning a syringe-fill process if it is concluded 
that the first Syringe is present in the first Syringe chamber. 

12. The method of claim 10, wherein: 
the injector further includes (iii) a second Syringe chamber 

and (iv) a second ram, and the method further comprises: 
(e) causing the second ram to move a second distance in 

the second Syringe chamber, 
(f) measuring how much the movement of the second 
ram is resisted; and 

(g) concluding that (i) a second Syringe is present in the 
second Syringe chamber if the movement of the sec 
ond ram is resisted by a second predetermined amount 
of pressure or more or (ii) no syringe is present in the 
second Syringe chamber if the movement of the sec 
ond ram is resisted by less than the second predeter 
mined amount of pressure. 

13. The method of claim 9, wherein measuring how much 
the movement of the first ram is resisted includes measuring 
current supplied to a motor that drives the movement of the 
first ram. 

14. The method of claim 9, wherein the first injector opera 
tion condition is selected from a group consisting of a first 
Syringe being present in the first Syringe chamber, a syringe 
sleeve of the first Syringe chamber being not closed properly 
for operation, a wiper of the first Syringe being misaligned 
with a barrel of the first syringe, an occlusion within the 
Syringe, and overpressure during injection. 

15. An injection system comprising: 
(a) an injector that includes a first Syringe chamber and a 

first ram; and 
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(b) an injector control system that includes a processor and 
a storage device, wherein the storage device comprises: 
(i) a ram motion data module that, when executed by the 

processor, causes the processor to collect a first set of 
ram motion information regarding movement of the 
first ram in the first Syringe chamber; 

(ii) a resistance detection module that, when executed by 
the processor, causes the processor to collect a first set 
of resistance information indicating how much the 
movement of the first ram is resisted; and 

(iii) an operation condition detection module that, when 
executed by the processor, causes the processor to (A) 
receive the first set of ram motion information from 
the ram motion data module. (B) receive the first set of 
resistance information from the resistance detection 
module, and (C) determine whether a first injector 
operation condition is present based on the first set of 
ram advancement information and the first set of 
resistance information. 

16. The injection system of claim 15, wherein the operation 
condition detection module, when executed by the processor, 
causes the processor to determine whether a first Syringe is 
present in the first Syringe chamber by concluding that: 

a first Syringe is present in the first Syringe chamber if the 
first set of resistance information indicates that the 
movement of the first ram is resisted by a predetermined 
amount of pressure or more or 

no syringe is present in the first Syringe chamber if the first 
set of resistance information indicates that the move 
ment of the first ram is resisted by less than the prede 
termined amount of pressure. 

17. The injection system of claim 16, wherein the storage 
device further comprises (iv) an inject process module that, 
when executed by the processor, causes the processor to auto 
matically begin a syringe-fill process if it is determined that 
the first Syringe is present in the first Syringe chamber. 

18. The injection system of claim 15, wherein: 
the injector further includes a motor configured to drive the 

first ram, and 
the first set of resistance information includes how much 

current is required by the motor to drive the first ram. 
19. The injection system of claim 15, wherein the first 

injector operation condition is selected from a group consist 
ing of a first Syringe being present in the first Syringe cham 
ber, a Syringe sleeve of the first Syringe chamber being not 
closed properly for operation, a wiper of the first Syringe 
being misaligned with a barrel of the first Syringe, an occlu 
sion within the Syringe, and overpressure during injection. 

20. The injection system of claim 15, wherein the first set of 
ram motion information includes one or more of 

a location of the first ram relative to a reference point, 
a duration of time that the first ram has been moving, and 
a rate at which the first ram is moving or accelerating. 
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