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(57) ABSTRACT 

A syringe for use With a poWered injector to inject a ?uid 
into a patient includes at least a ?rst indicator positioned on 
the syringe at a predetermined axial position. The distance 
betWeen a rearWard surface of the ?rst indicator and a 

predetermined position on the poWered injector provides 
information about the syringe con?guration. The ?rst indi 
cator can, for example, be a rear surface of the attachment 

?ange. An injector system includes a poWered injector 
having a drive member and at least one sensor for detecting 

energy. The injector system also includes a syringe having at 
least a ?rst indicator positioned on the syringe at a prede 
termined axial position. The energy detected by the sensor is 
determined by the axial position of the indicator When the 
syringe is attached to the poWered injector. The axial posi 
tion of the indicator thereby provides information about the 
syringe con?guration. 
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Fig. 1 
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Fig. 6A 
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Fig. 7D 
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ENCODING AND SENSING OF SYRINGE 
INFORMATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Serial No. 60/281,169, ?led on 
Apr. 3, 2001, the disclosure of Which is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to encoding and sens 
ing of information or con?guration, and, especially, to 
encoded syringes, to injectors for reading encoded syringes, 
to injector systems including encoded syringes and to meth 
ods of encoding and sensing syringe information. 

[0003] Critical parameters of an injection procedure are 
determined by a number of variables, including, for 
eXample, syringe diameter, syringe length, syringe material 
and ?uid composition/concentration. Among the affected 
injection procedure parameters are ?uid volume delivered, 
?oW rate, ?uid pressure, and limits of injector piston travel. 
In current injector systems, syringe siZe/volume is generally 
determined either (1) manually by action of an operator Who 
enters the syringe siZe/volume or type into the injector 
softWare, or (2) automatically by means of sWitches on the 
injector head Which are mechanically coupled to raised or 
sunken elements on the syringe. See, for example, US. Pat. 
Nos. 5,741,232, 6,090,064 and 5,873,861, assigned to the 
assignee of the present application, the disclosures of Which 
are incorporated herein by reference. In US. Pat. No. 
5,873,861, the presence or absence of one or more of detents 
provides a code that is representative of syringe con?gura 
tion. 

[0004] Constraints of current mechanical and electrical 
design, hoWever, limit the number of such automatic detec 
tion sWitches. Indeed, only limited syringe con?gurations 
are automatically detected With present systems. Addition 
ally, failure of certain moving mechanisms is also a problem. 
For eXample, spillage or leakage of contrast media can result 
in the failure of certain mechanisms. Moreover, certain 
electrical and mechanical encoding systems can signi? 
cantly increase manufacturing costs of a syringe and/or 
injector. Other currently available methods of encoding and 
sensing syringe con?guration include the placement of bar 
codes and corresponding sensors upon the syringe and 
injector, respectively, as disclosed in Us. Pat. No. 5,997, 
502. Bar code systems, hoWever, suffer from some of the 
same problems as the electromechanical systems discussed 
above. 

[0005] As used herein, the term “syringe con?guration” is 
used to encompass all information about a particular 
syringe, including, but not limited to, information about the 
mechanical properties of a syringe (for eXample, material, 
length, diameter and/or volume) as Well as information 
about the contents of the syringe (for eXample, ?uid volume 
and/or composition). With the advent of neW syringes, and 
especially pre?lled syringes, the need to accurately encode 
and sense (or read) syringe con?guration variables is height 
ened. A poWered injector to control the injection procedure 
as a function of de?ned syringe con?guration/injection 
parameters can use the information on syringe con?guration. 
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Moreover, a record of data associated With an injection 
procedure may be kept, for eXample, to track patient treat 
ment history and/or to satisfy accurate billing and cost 
information requirements under managed health care. A 
record may be maintained of information such as the type of 
syringe used, the amount of contrast medium used, the type 
of contrast medium used, the steriliZation date, the expira 
tion date, lot codes, the properties of the contrast media, 
and/or other clinically relevant information. Such informa 
tion can be recorded digitally for sharing With computeriZed 
hospital billing systems, inventory systems, control systems, 
etc. 

SUMMARY OF THE INVENTION 

[0006] In one aspect, the present invention provides a 
syringe for use With a poWered injector to inject a ?uid into 
a patient. The syringe includes at least a ?rst indicator 
positioned on the syringe at a predetermined position (for 
eXample, at a predetermined aXial position). Preferably, the 
distance betWeen a surface (for eXample, a rear surface) of 
the ?rst indicator and a reference position (for eXample, a 
predetermined position on the syringe or on the poWered 
injector When the syringe is in operative connection With the 
poWered injector) provides information about the syringe 
con?guration. 

[0007] In another aspect, the present invention provides a 
syringe including at least one indicator including a rearWard 
projecting member (for eXample, an attachment ?ange) on a 
rear portion of the syringe. The aXial position of a rear 
surface of the rearWard-projecting member, When the 
syringe is in operative connection With (for eXample, 
attached to) the poWered injector, provides information 
about the syringe con?guration. 

[0008] In a further aspect, the present invention provides 
a set of a plurality of syringes for use With a poWered injector 
to inject a ?uid into a patient. Each of the syringes includes 
at least a ?rst indicator positioned on the syringe at a 
predetermined position. As described above, the distance 
betWeen, for eXample, a rear surface of the ?rst indicator and 
a reference position such as a predetermined position on the 
poWered injector provides information about a con?guration 
of each syringe. In one embodiment, the ?rst indicator on 
each syringe is a rear surface of an attachment ?ange 
positioned on a rearWard portion of the syringe. The aXial 
position of the rear surface of the attachment ?ange of each 
syringe in this embodiment provides information about the 
syringe con?guration of that syringe When the syringe is in 
operative connection With the poWered injector. 

[0009] In general, the indicators of the present invention 
can be an integral part of a syringe or can be attachable 
thereto. For eXample, one or more indicators can be attach 
able to a syringe through use of an adapter as knoWn in the 
art. A number of such adapters include a syringe attachment 
mechanism on a forWard section thereof for attachment of a 
syringe thereto. The adapter also includes an injector attach 
ment mechanism on a rearWard section thereof to attach the 
adapter to an injector. An adapter can be used, for eXample, 
to attach a syringe not suitable for direct attachment to an 
injector to that injector. Adapters can also be used in the 
present invention to add an indicator as described above to 
a syringe that is otherWise suitable for attachment to an 
injector. For eXample, the adapter can include one or more 
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attachment ?anges having a rear surface positioned to pro 
vide information on syringe con?guration. In general, as use 
herein, the term “syringe” includes syringe/adapter combi 
nations. 

[0010] In another aspect, the present invention provides an 
injector system including a poWered injector having a drive 
member and at least one sensor for detecting energy. The 
injector system also includes a syringe having at least a ?rst 
indicator positioned on the syringe at a predetermined 
position (for eXample, a predetermined aXial position). The 
sensor con?guration detected by the sensor is determined by 
the position of the indicator When the syringe is in operative 
connection With the poWered injector. The position of the 
indicator thus provides information about the syringe con 
?guration. 
[0011] In one embodiment, a rear surface of the ?rst 
indicator transmits energy to the sensor. For eXample, the 
rear surface of the ?rst indicator can include an energy 
source to transmit energy to the sensor. The rear surface of 
the ?rst indicator can also include a surface that transmits 
energy to the sensor by re?ecting energy from an energy 
source to the sensor. 

[0012] In another embodiment, the poWered injector 
includes at least one contact member movably (for eXample, 
slidably) disposed in the injector. A surface in operative 
connection With the contact member transmits energy to the 
sensor. For eXample, the transmitting surface can be the rear 
surface of the contact member. The contact member is 
positioned to come into contact With the ?rst indicator When 
the syringe is in operative connection With the powered 
injector such that, for eXample, the aXial position of the rear 
surface of the contact member is determined by the aXial 
position of the ?rst indicator. The rear surface of the contact 
member can, for eXample, transmit energy to the sensor. For 
eXample, the rear surface of the contact member can include 
an energy source to transmit energy to the sensor. In another 

embodiment, the rear surface of the contact member 
includes a surface to re?ect or redirect energy from an 
energy source to the sensor. 

[0013] In several embodiments, the energy transmitted in 
the present invention is light energy. Re?ective surfaces (for 
eXample, a mirrored surface) can be used on the contact 
member or on the indicator to transmit the light energy 
therefrom. The light can, for eXample, be transmitted to the 
mirrored surface by a transmitting ?ber optic cable in 
communication With a light source. The mirrored surface 
can transmit the light to a receiving ?ber optic cable in 
communication With a sensor. Sensors suitable for use With 

light energy include photodiodes. 
[0014] In several embodiments, the ?rst indicator is a rear 
surface of a ?ange or projection on a rear portion of the 
syringe. The ?ange can, for eXample, also function as an 
attachment ?ange to attach the syringe to a poWered injector. 

[0015] In another aspect, the present invention provides a 
poWered injector for use With a syringe to inject a ?uid into 
a patient. The syringe includes at least a ?rst indicator at a 
predetermined position. The injector includes a poWered 
drive member and at least one sensor to detect energy. The 
energy detected by the sensor is determined by the position 
of the indicator When the syringe is in operative connection 
With the poWered injector. As discussed above, the position 
of the indicator thereby provides information about the 
syringe con?guration. 
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[0016] As also described above, the injector can, for 
eXample, include a contact member movably (for eXample, 
slidably) disposed in the injector in Which the rear surface of 
the contact member transmits energy to the sensor. The 
contact member is positioned to come into contact With the 
?rst indicator When the syringe is attached to the poWered 
injector such that the position of the contact member is 
determined by the position of the ?rst indicator. 

[0017] In a further aspect, the present invention provides 
an injection system including at least one syringe having at 
least a ?rst indicator positioned on the syringe at a prede 
termined position (for eXample, a rear surface of an attach 
ment ?ange on the rear of the syringe). As described above, 
the position of the indicator is associated With information 
about the syringe con?guration. The injector system further 
includes a poWered injector including a drive member and at 
least a ?rst contact member movably disposed in the injec 
tor. The ?rst contact member is positioned to come into 
contact With the ?rst indicator When the syringe is attached 
to the poWered injector such that the position of the ?rst 
contact member or the amount of change in the position of 
the ?rst contact member is determined by the position of the 
?rst indicator and is thus associated With the syringe con 
?guration. 
[0018] Preferably, at least three syringe con?gurations are 
associated With at least three corresponding positions of the 
?rst contact member. As clear to one skilled in the art, many 
more syringe con?guration are associable With a corre 
sponding number of positions of the ?rst contact member. 
Each syringe con?guration can, for eXample, be associated 
With a unique range of positions of the ?rst contact member. 

[0019] In one embodiment, the poWered injector includes 
at least one light re?ective surface in operative connection 
With the ?rst contact member and a sensor to detect light 
re?ected from the light re?ective surface as described above. 

[0020] In another embodiment, the poWered injector 
includes a plurality of sensors and at least a ?rst shutter 
mechanism in operative connection With the ?rst contact 
member. Each of the sensors has an “on” state and an “off” 
state. The shutter mechanism includes at least one cooper 
ating member to cooperate With at least one of the sensors 
to place the sensor in an on state or an off state. The state of 

each of the plurality of sensors can, for eXample, provide a 
digital code corresponding to information on syringe con 
?guration. 
[0021] Preferably, the shutter mechanism includes a plu 
rality of cooperating members. In one embodiment, the 
sensors are optical sensors and the cooperating members are 
spaced opaque members operable to block transmission of 
light to the sensors. 

[0022] The present invention provides, in a further aspect, 
an injector for use With a syringe including at least a ?rst 
indicator positioned thereon. The position of the ?rst indi 
cator is associated With syringe con?guration. The injector 
includes a poWered drive member, and at least a ?rst contact 
member movably disposed in the injector as described 
above. 

[0023] In one embodiment, the ?rst indicator is positioned 
on the rear surface of an attachment ?ange of the syringe and 
causes the ?rst contact member to move in an aXial direc 
tion. The ?rst contact member can, for eXample, be sidably 


















