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MEDICAL FLUID INJECTOR HAVING WIRELESS PRESSURE MONITORING FEATURE

Field of the Invention
[0001] The present invention relates generally to medical fluld injectors and, more particutarty, to monitoring and

controlling pressure exerted on a syringe associated with such an injector.

Background
{0002] Medical fluid iniectors are frequently used to inject contrast agent(s) into patents for imaging procedures.

Such injectors are typically designed to inject contrast at a desired flow rate by controlling force exerted on the
syringe plunger by a drive ramof the injector. To avoid damage to the syringe, tubing, andfor catheter placement, the
injector may be configured to monitar the pressure it exerts on the syringe and limit the pressure accordingly.
[0003] Current technology uses several methods for monitoring such pressure. One involves a pressure sensor
on the front of the ram connected to the injecter sensor signat conditioning and amgplifier circuitry through wires, The
pressure sensor may yieid desired pressure measurements but may tend o present mechanical challenges because
the injector ram moves during an injection while the rest of the injector remains stationary. Wires are needed fo
connect the pressure sensor to the injector electronics. Extra wire length needs to be included io allow the ram to
move full stroke. The risk of injector faiiure is increased due to the possibliity of wires snagging on intemal
components inside the Injector. Injector reliability may also be reduced because of impased wear and stress on the
wire connections between the ram and the injector dus to ram movement,

[0004] An altemative to using a pressure sensor is to derive the syringe pressure from the motor current. The
motor cutrent may be correlaled to syringe pressure through electronic hardware and software. This approach
gliminates the wires that are needed with the pressure sensor appreach because the motor, being part of the injector,
remains stationary with respect to the ram. One drawback with derving syringe pressure by measuring motor
currentis that it may not fruly reflect the syringe pressure and that it may be inaccurate as motor currents may be

infiuenced by other factors in addition to the pressure (e.g., wear, and moter efficiency variations).

Summary
[0005] The invention relates to medical fiuid injectors that are equipped with what may be characterized by sems

as 3 wireless pressure sensing fealure to sense pressure exerted on an associated syringe (2.g., a plunger thereaf)
by the iniector. Certain exemplary aspects of the invention are set forth below. 1t should be understood that these
aspects are presented merely to provide the reader with a brisf summary of certain forms the invention might take
and that these aspects are not intended to limit the scope of the Invention. Indeed, the invention may encompass a
variety of aspests that may not be set forth below,

[0006] One aspect of the invention is directed fo a medical fluid injector. This injecter includes a drive ram that is
adapted to interface with a plunger of 2 syringe. The drive ram Indludes an RF enabled pressure sensor that is

configured to measure pressure exerted on the syringe plunger by the drive ram. In addition, the injector inciudes
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an RF circuitin RF communication with the preasure sensor of the drive ram. In some embodiments, the injectar may
Include a controller in electrical communication with the RF circuit. The controlier may be configured to adjust
movement of the drive ram to alter the pressure exerted on the syringe plunger by the drive ram (i.e., the pressure
measured by the pressure sensor).

[D007]  Another aspect of the invention Is directed to a methad of operation for a medical fiuid injector. In this
method, a plunger of a syringe is engaged by a drive ram of the injector. This drive ram includes an RF enabled
pressure sensor. The drive ram is utilized to apply pressure to the syringe plunger. The pressure sensor is ufilized
to measure a value of the pressure applied fo the syrings plunger. That value is transmitted to RF circuitry of the
injector that includes an RF receiver.

{0008] Various refinements exist of the fealures noted in relation to the above-mentioned aspects of the present
invention. Further features may also be incorporated in the above-mentioned aspects of the present invention as
well. These refinements and additional features may exist individually or in any combination. For ingtance, various
features discussed below in relation to any of the sxemplary embodiments of the present invention may be

incorporated inlo any of the aspects of the present invention alone or in any combination.

Brief Description of the Fiqures

[6008] The accompanying figures, which are incorporated herein and constitute a part of this specificalion,
tustrate exemplary embodiments of the invention and, together with a general description of aspects of the invention
given above, and the detailed description of various exemplary embodiments given below, serve to explain various
principles of the invention.

[6010] Fig. 1A is a schematic drawing of a system for lracking a syringe filed with contrast media over a syringe e
cycle.

[0011] Fig. 1B s a schematic drawing of a system for tracking a container filed with a radiopharmaceutical over a
conlainet life cycle.

[0012] Fig. 1C is a schematic drawing of & system for fracking an |V bag filled with a medical fluid over an IV bag
life cycle.

[0013] Figs. 2A-2D are perspeclive views of a syringe that Hlustrate different manners of applying a tracking device
to a syringe filled with contrast media in the system shown in Fig. 1A.

[0014] Fig. 3A is a schematic block diagram of components associated with the system iliustrated in Fig. 1A,
[0015] Fig. 3B is a schematic block diagram of components assosiated with the system iliustrated in Fig. 1B.
[0016] Fig. 3C is a schematic block diagram of companents associated with the system #lustrated in Fig. 1C.
[0017] Fig. 4 is a schematic drawing illustrating activities and operations associated with use and disposal of a
container of contrast media in an imaging suite.

[0018] Fig. 5A is a perspective view of one embodiment of an injector that may be used in the system of Fig. 1A,
{0019] Fig. 5B is a perspective view of an embodiment of an injector and a field engineer identification card that
may be used in the system of Fig. 1A,

[0020] Fig. 6 is a flowcharl of an exemplary method of manufacturing and distributing a syringe or ather container
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as shown in Figs, 1A and 1B.

[6021] Fig. 7 is a fiowshart of an exemplary methad of stocking and preparing for use of a syringe or other
container as shown in Figs. 1A and 1B.

[0022} Fig. 8 is a flowchart of an exemplary method of using a syringe or other container as shown in Figs. 1A and
1B.

[0023] Fig. 9is a flowchart of an exemplary method of a field maintenance process for a syringe flled with contrast
media as showr in Fig. 1A,

[0024] Fig. 10 is a schematic drawing illustrating a variation in RF signal strength in coupling a fransmilting antenna
with a receiving antenna angled with respect to the transmitting antenna,

{0025] Fig. 11 is perspective view of a contrast mediz power injector having an RF data tag on a syringe mounted
in & power injeclor.

[0026] Fig. 12 is a perspective view of an exemplary embodiment illustrating a syringe positioned above a
facepiate of a contrast media power injector having multiple, nonparaliel antenna loops for a readiwrite device in
accordance with the principles of the present invention,

[0027] Figs. 12A-13D are schematic drawings of four different circuit configurations for the mustile, nonparallel
antenna loops of Fig. 12,

[0028] Fig. 14 is a schematic drawing of the multiple, nonparallel antenna loops of Fig. 11 with switches for
connecting the antenna loops in the four different cirouit configurations of Figs, 13A-130),

[0029] Fig. 15 is schematic drawing of a fiowchart lustrating a communications cycle utflizing the multiple,
nonparallel antenna loops of Fig. 12.

fo030] Fig. 16 is a cross-sectional drawing of a pressure jacket fos a contrast media power injector as shown in Fig.
11, which is equipped with a multiple loop, nonparallel antenna system for the contrast media power injector simitar
to that ikustrated in Fig. 12.

[0031] Fig 17 is a schematic drawing of an electromagnetic radio frequency R/W device utilizing the muitiple loop,
nonparallel antenna system of Fig. 18.

{0032} Fig. 18 illusirates different manners of applying & tracking device to a radiopharmaceutical container and
respective pig in the system shown in Fig. 1,

{0033] Fig. 18 is a flowchart of an exemplary method of post-processing a radicpharmaceutical container and
associated pig.

[0034] Fig. 20 is a perspeciive view of an exemplary embodiment of an RF tag and antenna system that is
applicable: o a radiopharmaceutical syringe and associated ragiopharmaceutical pig in accordance with the
principles of the present invention,

[0035] Fig 21 is a perspsctive view of another exemplary embodiment of an RF tag and antenna system that is
appiicable fo a radlopharmaceutical syringe and associated radicpharmaceutical pig in accordance with the
principles of the present invention.

{0038] Fig. 22 is a perspective view of a further exemptary embodiment of an RF tag and antenna system that is

applicable o a radiopharmaceutical syringe and associated radiopharmaceutical pig in accordance with the

Fage 3 of 31

18



(42) JP 2008-302194 A 2008.12.

principles of the pregent invention,

{0037} Fig 22A is an exploded view showing a path of an antenna lead in the further embodiment of the
radiopharmaceutical syringe and associaled radiopharmaceutical pig shown in Fig, 22,

[0038] Fig. 23 is a perspective view of an injector that includes a wireless pressure sensing feature,

[0038] Fig. 24A shows a detailed portion of the injector of Fig. 23 generally along ling 24-24 with the pressure
sensof located on a surface of the drive ram,

[0040] Fig. 24B shows a detailed partion of the injector of Fig, 23 generally along line 24-24 with the pressure
sensor embedded in the drive ram.

[0041} Fig. 25 shows a detailed portion of the injector of Fig. 24A generally along line 25-25.

[0042] Fig. 26 shows additional detail of the sensor in Fig. 25,

[0100] Fig. 27 is a block diagram Mustrating an exemplary process for controlling pressure exeried on a syringe

plunger by an injector drive ram.

Detailed Description of Exemplary Embodiments

[0101] Referring fo Fig. 1A, an exemplary embodiment of a container life cycle 18a relates to medical fluid
containers, for example, a syringe 20 suitable for storing contrast media. The syringes 20 may be manufactured at
a supplier facility 24 that is remote from a facility 42 in which a syringe 20 is to be used. Within the supplier facility 24,
the syringe 20 is first filled with a contrast media at a filling station 28, and thereafter, labels 30 may be applied fo
respective syringes 20 at a labeling station 32. The syringes 20 may then be packaged either singularly or as a batch
in an appropriate shipping cartor: 34 at a packaging station and the shipping cartons 34 may be temporarily queued
or storad in a shipping/receiving department 38,

[0102} Crders for the syringes 20 can be received from various sources, for example, a purchasing office 25 within
a health care facility 42, or a doctor's office 27 that may be part of, or independent from, the health care facility 42.
Further, the orders may er may not be associated with a particular patient.

[0103] Based on the orders, the shipping cartons 34 may enter a distribution channel 40 by which they may be
delivered to various facilities 42, for example, hospitals, image sewvice providers, andfor other health care facilities,
In the example of Fig. 1A, the faclity 42 is & hospital that has a shippingfrecelving area 44 for receiving the cartons
34 of prefilled syringas 20. Incidentally, “prefilled” herein describes a container that is designed to be sold andfor
delivered to a user with at least some medical fiuid already disposed in the container. Cften, the cartons 34 are
temporarily stored in a room 48 that may or may not be associated with 2 pharmacy within the hospital 42, As
desired, the cartons 34 may be fransferred to a preparation room 48 at which the syringes 20 may be unpacked and
placed in a warming over 36 to raise the temperature of the contrast media up to about body temperature (e.g.,
between about 97°F and about 100°F). At appropriate times, one or more syringes 20 may be removed from the
warming oven 36, carried to the imaging suite 26a and leaded into a powered fluid injector 80, The injector 50
aperates to inject the contrast fluid info an examination subject or patient 52, After use, the spent syringe 20 may be
processed for an authorized refilling or disposed of {e.g., in 2 disposal area 112) in a known manner. For purposes

herein, the term “prefilied syringe” means a syringe 20 prefiled with a medical fliid (e.g., conirast media) at a location
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remote from the preparation room 48 and imaging suite 26a.

[0104] Aswith any substance to be injected info an animal, there are a great many regulated practices as well as
unreguiated common practices that are desirable to be followed in the fllling, distribution, preparation and use of a
prefiled syringe. Further, the requlated and common practices may differ depending on the type of contrast media
being used. Consequently, it is generally desirable to generate and provide a substantial amount of data relating to
the handling of the syringe 20 throughout #s fife ocycle, for example, at substantially every step from its filling fo its
disposal. Further, it is generally preferrad that the data be transferable from one location, forexample, the respective
filting and labeling statlons 28, 32, to another location, for example, the respective preparation and imaging rooms
48, 26a. Teday, such data has been known to be recorded and transferred utilizing typed andfor hand-written
infermation located on the syringes 20 and/for carlons 34 as well as typed andfor hand-writter: records associated
therewith. However, during the life of a syringe 20, the data is desired to be utilized in computer systems that may,
most often, not be integrated and sometimes, in databases that may not be compatible.

[6105] Inorder to provide a common data acquisition and storage system for each syringe 20, which can be utilized
during any portion, and at every stage, of the container life cycie 18a, a system of radio frequency identification
device {"RFID") tags and readers is used.

[0106] The object of an RFID-based system is to carry data in transponders, generally known as tags, and to
retrieve data, by machine-readable means, at a suitable time and place to satisfy a particular application need. Thus,
2 tag or transponder may typically include an RF driver circuit and associated antenna. The RF driver circuit often
ulilizes an integrated circuit chip having a programmable processor and associated memory, which are capable of
storing the data and performing necessary demodulation and, if applicable, modulation functions, Data within a tag
may provide any manner of information relating to a prefilled syringe that is useful over the life of the syringe. Itis
generally preferred that an RFID system inciude a means for reading data from, and in some applications, writing
datato, the tags, as well as a means for communicating the data to a computer or information management system.
Thus, an RFID system preferably has the versatility to permit data to be written into, and read from, a tag at different
times and at different locations.

{0107] Wireless communication is most often used to transfer data between a tag and a reader. Such
commlnication is often based upcn propagating electromagnetic waves, for example, radio frequency waves, by
anlenna struclures present in both tags and readers. It is known to use either a common antenna or different
antennas with an RFID lag to read data from, and write data fo, the tag; closed loop, open loop, stripline, dipole
andfor other antennas may be used. Further, RFID {ags may be passive, that is, without an independent power
supply, or active, that is, with a power supply such as a battery, In applications described herein, the choice of 3
particular antenna configuration and whether to use an active or passive RFID fag may or may not be application
dependant,

f3108] An exemplary embodiment of a syringe manufacturing process implemented at a supplier facility 24 is
Hlustrated in Fig. 8. First, at 502, a syringe 20 is filled with contrast madia 22 at a filling station 28, Thereafter, at 534,
a tabel 3C contalning human readable and/or machine-readable indicia is applied to the syringe 20 at the labeling

station 32. As par of the labeling process, an RFI0 fag 60 is applied to the syringe 20. The RFID tag 80 incorporates
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an RFID chip and associated antenna in a known manner, for example, as shown in Fig. 5A by the RFID chip 212
and antenna 210; and the RFID tag 60 may be apart of or separate from the label 30. As shown in Figs, 2A-2D, the
RFID tag can be applied at any suitable location on the syringe 20. For example, as shown in Fig. 2A, the RFID lag
60 can be applied to a rear surface 55 of a syringe flange 56: and as shown in Fig. 2B, the RFID tag 60 can be applied
to an outer cylindrical surface 57 of the syringe. In another embodiment shown in Fig. 2C, prior to the syringe 20
being loaded into a power head of an injector, the RFID tag 60 can be peeled off of the syringe 20 and applied to the
injector. Upon remaving the syringe 20 from the injector power head, the RFID tag may be reapplied 1o the syringe
20. In & siill further embediment shown in Fig. 2D, the RFID tag 60 can be apptied to a rear surface 58 of a piunger
58. The plunger 59 may have a core 61 covered by a molded material 63, and an RFID tag can be applied to or
integrated into the plunger structure at various locations 65a, 65b, 65¢, etc. As shown in Fig, 2D, an RFID tag may
be applied as shown at 60’ on the discharge extension (e.g., nozzle) extending from the distal end of the syringe 20,
or as shown at 60", an RFID tag can be applied fo a front wall (e.g., tapering front wall} of the syringe 20.
[0109] Within the supptier facllity 24 of Fig. 1A, a readiwrite {'R/W") device 82 is connested fo a labeling computer
64 and, al 506 (Fig. 6), is operative fo write data in the RFID tag 80 relating to contrast media or other pharmaceutical
and its assoclated prefilled syringe or other container 20. Data that can be written to the RFID tag 60 includes, but
is not limited to, the following:

— A unigue conlainer identification number.

- A secwrity code that limits access to the RFID tag to those RIW devices that are able to provide the
secusity code.

— A volume of the pharmaceutical filled in the container.

~ A total available volume and/or physical dimensions of the available velume in the container.

- Ar identily, or type, of the pharmaceutical in the container.

- A concentration of the pharmaceutical.

— A formula of the pharmaceutical,

— A manufacturing daie,

-~ An identity of a faclory, produstion line, filling station machire, andfor bateh number associated with the
canhtainer.

- A date and time at which the container is filled.

— An gxpiration time andfor date andfor a shelf life of the pharmaceutical,

- NDGC codes. ‘

- One or mare vendor specific inventory codes, for example, an SKU code,

- An identity of the country in which the container was filled.

—An identity of the centainer andfor container packaging.

- Product promotions and/or coupons andfor Intemet links of the supplier

- Recommended sofiware updates for power injectors in which the container is intended for use,
[0110] Thereafter, at 508, the syringe 20 is loaded info a shipping carton 34; and, at 510, the carlons 34 are

stocked as inventory in a shippingfreceiving department 38. Based on orders received, as indicated at 512, the

Page 6 of 31



(45) JP 2008-302194 A 2008.12.18

cartons 24 may be further combined or palletized into 2 case or balch 67 for shipment to a customer: and a label 68
can be optionally applled o an individual shipping carion 34 or a unified case or batch 87 of cartons. The label 66
can include human readabie, machine-readable indicia andfor be an RFID tag. Such indicia or RFID tag data may
include but is not timited fo an identification of the supplier and the product, the product expiration date and the
packaging. The packaging code identifies whether the package is a single syringe, a carton of syringes or a case of
syringes. In preparing one or a batch of carons 34 for shipment, an RIW device 88 connected to a shipping
computer 70 may be used to read data from, and write data to, the RFID tags 80 on the syringes 20 withir the cartons
34 In addition, If applicable, the R/W device 68 may be used to read dala from, and wiite data to, RFID tags
associated with the labeis 66. Thus, the shipping computer 70 is able to identity parameters, for example, type of
syringe, type of contrast media, contrast media concentration, etc., and confirm that those parameiers meet the
specifications of a particutar order. Thus, the R/W device 68 can be used to write into either the RFID tags 60 on the
syringes 20, andfor the RFID tags on labels 86, data including, but nat limited to, the following:

- An identity of the customer.

— Purchase invoice and tracking numbers.

~ Purchase andfor shipment dates.

— Customer specific marketing data.

~ Custemer specific software updates for power injectors owned by the customer,
[0111] The cartons 34 then enter the distribution channel 40 and are received by a receiving depariment 44 of an
imaging facility such as the hospital 42. An exampie of a syringe stocking and preparation process is liustrated in
Fig. 7. Upon raceiving the cartons 34, a R/W device 72 connecled to a shipping/receiving comguter 74 reads, at 602,
the syringe RFID tags 60 and/or the shipping carton RFID tags 66. As shown in Fig. 34, the shipping/receiving
computer 74 stores the read data in an inventory database 768. The shipping/receiving computer 74 is connescted via
a communications link, for example, an Ethernet LAN, etc,, to a hospital administration computer 78 and other
computers; and one or mere versions of the inventory database 76 can be maintained in any of those computers,
Thus, the receiving computer 76, or another computer, is able ta confirm that the delivered syringes conform to
hospitat purchase orders and, if applicable, automatically authorize payment of invoices therefor. Further, via the
shipping/receiving computer 74, the syringe RFID tags 60 within the cartong 34 can, at 804, be updated with other
dala including, but not limited to:

- A lime and date that the container was received,

~ A hospital SKU code.

- Doctor related information,

- Patient related information.

- An identity of a stock roem or other storage area

~ Ar identity of a particular preparation room andfor imaging stsite in which the pharmaceutical is to be used.

— An identity of a particular power injector, which is to be used.
[0112) Thereafter, at B0S, cartons are delivered o a room 46, As seen in Figs. 2A and 1A, within the room 48, a

RN device 77 conrected to a computer 79 can be used to read the syringe RFID tags 60 and update a database
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within the computer 79. Further, or alternatively, as shown in Fig. 3A, the computer 79, via the communications link
80, can be used fo update the inventory database 78 within administration comguter 78, thereby confirming delivery
of the syringes 1o the room 46 from the shipping/receiving area 44.

[0113]) The communications link B0 rmay be implemented by an Ethemet, USE, RS-232, RS-422, or ather interface
that uses a standard PC-based communications protocol, for example, BLUETOOTH, parallel, IrDA, ZigBee,
802.11b/g, or other comparable wired or wireless connection,

[0114] Subsequently, instructions are provided 1o move a shipping carton 34 from the room 46 to a preparation
room 48. The R/W device 77 is used to read the RFID tags, at 608, and find the cartons 34 containing the desired
syringes. Further, reading the RFID iags permils an identification of the oldest inventory, (Since contrast media has
a shelf life, it may be appropriate to follow a first-inffirst-out inventory procedure.) Thereafter, at 808, an identified
shipping cartor 34 is defivered fo the preparation room 48,

[0115] In the preparation room 48, the syringes 20 are removed from a carton 34 and placed in the warmer 36 to
bring the contrast media ug lo about body termperature. As shown in Figs. 1A, 3A and 4, an R/W device 81 is
connected to a warmer control 82 having a user interface 86, The warmer controf 82 is electrically connected to an
imaging information system 87 that, in turn, is connected te the communications link 80, and hence, to the other
computers in the hospital 42. Upon placing a syringe in the warmer 36, the R/W device 81 reads, at 610, a respective
RFID tag 60 and transmits data with respect {o the syringe 20 f¢ a work-in-process database 84 in the imaging
iformation system 87 as illustrated n Fig. 3A. Further, or alternatively, the imaging information system 87, via the
communications link 80, can be used to update the inventory database 76, theseby allowing other computers to track
information written to and read from the syringe RFID tags 60 in the warmer 36, RAW device 81 may also wrile 1o
each RFI0 tag 80 the time and date each respective syringe 20 is placed in the warmer 36, Further, upon a
technologist requesting, via the user interface 86, a particular contrast media, the warmer control 82 can, via the user
interface 86, identify fo the technolegist a particular syringe inside the warmer 36, such as the syringe that has been
in the warmer for the longest period of time. {Not only does contrast media have a limiled shelf iife, but the time spent
in the warmer 36 should also be fimited. Thus, inventory in the warmer 38 may also be handled on a first-inffirst-out
basis.) Upon removing a syringe 20 from the warmer, 2t 612, the R/W device 81 writes the remaoval time and date to
a respestive RFID tag 60 and reads data identifying the syringe being removed. The work-in-process database 84
and other databases are appropriately updated; and the warmer gontrol 82 via the user inferface 86 confirms to the
technologist that the correct syringe has been removed.

{0116] Referring to Figs. 1A, 3A, 4 and BA, one or more syringes 20a, 20b are then carried into an imaging suite
26a and lnaded info respectively one or both of the mounts or faceplates 88a, 88b that are attachable on a
powerhead 80 of a powered fluid injector 50 in a known manner. An exemplary injector is shown and described in
U.8. Patent Application No. 10/964,003, the entirety of which is hereby incomorated by reference. Although the
powerhaad 90 discussed herein is a dual head injector, embodiments of the present invention explicitly contemplate
single head injectors as well. A suitable single-head injector is shown in U.S, Patent No, 5,300,031, the entirety of
which is hereby incotporated by reference.

(09171 Inthe illustrated application, in which the injector recelves multiple syringes, a user-filled syringe having a
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volume of about 200 miis mountable in a pressure jacket 250 of faceplate 88a. Further, a pre-filled syringe having
a volume in excess of about 9¢ ml or more may aisc be mountable in faceplate 88b. The injector powerhead 90
includes hand-operaled knobs 92a and 925 that are opsrative via an injector control circuit 1o control motors within
respective plunger drives 95a, 95b. The plunger drives 95a, 95b are operable to move plungers within the respective
syringes 20a, 20b in a known manner. Exemplary operations of a powerhead 80 and injector control 83 are shown
and described in U.S. Patent Application No. 10/864,002, the entirety of which is hereby incorporated herein by
reference. Additional exemplary operations are described in U.S. Palent Nos. 5,662,612, 5,681,288 and 8,780,170,
the enlirety of which are hereby incomorated by reference. As seen in Fig. 3A, the injecior control 93 is electrically
gonnected to the hospital information system 78 via the communications ink 80, and/or may be otherwise electrically
gonnected to the imaging information system 87 by a communications link that uses a technology such as those
noted above with reference to the communications link 80.

[0118] The injector powerhead 90 has a user interface 94, for example, a touch screen, for displaying current
status and operating parameters of the injector 50. Powerhead 30 s often mounted to a wheeled stand 100, which
permits easy positioning of the powerhead 90 in the vicinity of the examination subject 52. The injector 50 also has
a remotely located console 98 with remote user interface 97, for example, a fouch screen, a power supply 98 and
ather swliches and components {not shown). The console 98 may be used by an operator to enfer programs and
oontrol the aperation of the injector 50 from a remote location in a known manner, Itwill be appreciated that elements
of the injector control 93 may be incorporated into the powerhead 90 or may be incorporated in other elemenis of the
injector such as the power supply 98 or console 96, or may be distributed among these elements,

[0119] The facepiate 88b has an outward extending cradie 39 that supports a heater 106 mounted on a printed
cirouit ("PC"y board 102. The heater 106 is efectrically connested to the injector control via a cable or connactor and
is operable by the injector control 93 fo heat the syringe 20k in a known manner. The PC board 102 further supports
a R/W device 104b and an associated antenna system 229b. The R/W device 104b is also electrically connected to
the Injector control 93 and console 95, Further, the RIW device 104b may be activated by the injector control 93 to
read data from an RFID tag 605 on a respective syringe 20b. Data may be written to, and/or read frem, the RFID tag
60b at any specified time when a syringe 20b is in proximity of a respective faceplate 88, Thus, the system has the
ability to determine when syringes 20a, 205 are mounted in the respective faceplates 88a, 88b. The data may be
encrypted, and the data and dala transfer may comply with 21 CFR 11, JCAHO, and HIPAA reguirements.

[0120] One example of a process for utilizing the syringe 20b within the imaging suite 26a is shown in Fig. 8. This
example is described principally with respect to the syringe 20b loaded in faceplate 88b; however the description is
equally applicable to the syringe 20a loaded in faceplate 88a. The description is further applicable o an injection
process in which media is dispensed from beth syringes 20a, 20b, either sequentially or simultansously.
Simultaneous dispensing from both syringes may be done at controlied and sefected flow rates to achieve any
desired concentration of the resulting mixture of media andfor media and satine in the two syringes.

[0321] Refering to the process of Fig. 8, first, at 702, the RIW device 104k is activated to read data storad in the
RFID tag 606 relating to contrast media or other pharmaceutical and its associated prefilied syringe or other

container 20b. As shown at 704, that information inciudes, but is not limited to:
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- A container identification andfor serial number that is checked against a database of previously used
containers to block, if appropriate, a potential reuse of the container,

— A container security code, which may be matched with the security code of the injestor being used.

— information relating to container volume and volume delivery to assist the technologist in setting up the
injector,

- Container volume and/or dimension information in order to provide a more precise seal time dispensing
control of voiume.,

- Pharmaceutical type and concentration data to confirm it is correct for a selected protocol,

—ID, batch and ot numbers that can be used to test the container andfor pharmaceutical against recall data,

— Shelf life data and fill date, which is compared to a current date to determine whether a recommended
shelf life has been exceaded,
[0122] The RAW device 104b also writes the curment time and date to the RFID device 60b lo permit tracking of
open-io-almosphere time for the syringe 20b, which is also limited. During the contrast media injection process, the
displacement of the syringe plunger is precisely controlled in accordance with data read from the RFID tag 60b
relating to available syringe volume and/or dimensions thereof. Further, plunger feed is fracked, so that the contrast
media remaining in the syringe can be continucusly determined.
[0123] The faceplates 88a, 88b have a bidirectional communications fink with the injector conltrol 93, which may be
used fo transfer any of the above information between the syringes 20a, 206 and the injector control 93. Thus, the
injector control 93 may have syringe and drug information that may facllitate a procedure setup and result in reduced
time and error, In addition, the injector control 93 may read or write other information to and from the faceplates 883,
88b, which is not directly pertinent to syringe information. Examples of this may indude, but are not limited to:

— Enabiing or gdisabling of the faceplate slecironics.

— Heating of the faceplate for contrast media warming,
[0124] Instep 708 of Fig. 8, the media is used in connection with a procedure. As seen in Fig. 4, before, during and
after injection of the contrast media, a technologist operates a CT scanner control 101 that is effective to cause a CT
scanner 103 o scan a patient 105 shown in phantem. The injector conirol 93 may have one or more interfaces fo
a CAN communications bus 111, which is a known interface for the CT scanner control 101, The protocol is defined
by the scanner manufacturers. Data and datz transfer between ihe injector and scanner comply with 21 CFR 11,
JCAHO, and HIPAA requirements.
[0125] Returning to Fig. 8, as shown at 708, data transfer between the injector control 93 and CT scanner control
101 may be bi-directional and may relate to the conirast media or other pharmaceidical and its associated prefillad
syringe or other container 20b. Such data includes, but is not fimited to, the following:

— Pharmaceutical brand name, concentraticn, lot number,

- Pharmaceutical expiration date, volume,

- Injected volume, flow rate (achieved, targef),

— injection time.

- Patient name, weight, age, D number, for example, SS no., hospital 1D, eic.
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- Injector serial number, fimware version,

- Procedure number andfor name,

— Technologist name andfor identification number.

~ Hospital name and/or identification number.

~ Used or unused status of container.

- CT scanner setup and procedure information,

- CT scanner |D andfor serial no.

- CT images,

- Hospital information system data,

~ Injector functional condrol,

- CT scanner functionat control.
[0126] Upon the injector control 93 determining that the desired volume of contrast media has been delivered, the
Injection process is stopped. Al the end of the injection process, as shown in Fig. 8 at 708, the injector contrel 83 is
operative to determine an exact volume of contrast media injected; and the injector control writes to the RFID tag 60b
and/or updates the imaging information system 87 with data and information that includes, but is not limited to the
following:

- Time and dale that the injection process was finished.

- Injected volume, flow rate (achieved, target),

- Volume of pharmaceutical femaining in the coniainer,

- Injection time.

~ Patient name, weighl, age, 1D number, for examgle, S3 no., hospital I, ele,

- Injector serial number, firmware version.

— Procedure number andfor name.

- Technologist name and/or identification number.

— Hospital name andfor identification number.

~ Used or unused sfatus of syringe,

~ CT Scanner information,
[0127] Asilustrated in Fig. 4, the injector control 93 has an interface providing a communications link 107 to a
hard-copy printer 109. The printer 108 may be, but is not limited to, a thermal, ink-jet, or laser based printer, The
printer 109 may be used {o print pages and/or iabels of varicus sizes and colors at specified times upon requests of
a user, the CT scanner control 101, the hospital information system 78, of the injector control 93, The labels may be
made part of patient records, requisition sheets, or other forms, Data output and data transfer may comply with 21
CFR 11, JCAHO, and HIPAA requirementsf
[0128] Returning to Fig. 8, as shown at 710, a iabel or page may be printed fo provide information relating to the
contrast media or other pharmaceutical, its agsociated prefilled syringe or other container 20b, and the use thereof.
Such information includes, but is not limited to, the following:

- Pharmaceuticat brand name, consentration, fot number.
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~ Pharmaceutical expiration date, volume.

- injected volume, pressure, flow rate {achieved, target).

— Injection time.

— Patient name, weight. age, 1D number, for example, $5 no., hospital 1D, efc.

- Injector serial number, firmware version.

- Procedure number andfor name,

- Technelogist name andfor identification number,

~ Hospital name andlor identification number.

— Used or unused status of syrings.

— Graphs of chartg, for example, pressure, flow rate, elc.

~ CT scanner information.

~ CT scan information.

— Cpen (white) space or blanks for tech initials, drawings, etc.
[0129] Thus, any of the above informaticn can be exchanged beiween the Injector contrel 93 and hospital
information system 78. Potential uses for this capabilty include but are not limited fo:

— Electronic inciusion of volume of contrast media injected and other procedure infarmation in patient
record.

~ Electronic re-ordering of supplies.

~ Automated billing.

- Automated scheduling.
[0130] After the injection process, the injector controf 83 can write to the RFID tag 60b to set a syringe-used flag
that will help to prevent a reuse of the syringe 20b. The syringe 20b is then removed from the faceplate B8b; and if
the procedure was aborted and the syringe was not used, it can be placed badk into the warmer 36. In that process,
information is read from, and written to, the RFID tag 60b as previously described. Further, the image information
system 87 is also able to track the open-to-atmosphere time of the syringe and wam the technologists when an
open-to-almaosphere time is exceeded.
[0131] [fthe syringe 20b removed from the faceplate 88b is empty, the syringe is typically transported fo a disposai
area 112 (Figs. 1A, 3A and 4); and prior o disposal, ancther RIW device 114 connscled 1o ane of the other
computers 76 reads the RFID tag 60b. The inventory database 76 can thus track the identity of the syringe 20 being
deslroyed. Further, the syringe disposal information can be communicated to a supplier computer 116 via a
communications link 118 as seen in Fig. 3A, for example, via the Infernet 83, a telephonic connaction, or other
comparable wired or wireless connection.
[6132] In an allemative embodiment, empty syringes, instead of being destroyed, are retumed to the supplier 24
for further processing, for example, disposal or refilling. In the latter example, the syringes 20 pass through the
hospital shipping/receiving area 44 and the RFID tags are again read to identify the syringes leaving the hospital, and
the inventory database 76 is updated accordingly. Upon entering the supplier shipping/recsiving area 38, the RFID

tags 60b are again read to update a supplier inventory database 120 iracking syringes within the supplier's facilities.
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The RFID tags 60b on the syringes 20 are updaled or replaced depending on whether the syringe is destrayed or
raconditioned and refilled by the supplier.
[0133] Irthe system shown and described herein, the injector control 93 facilitates information colfection and
transfer throughout a CT procedure, The RFiD-enabled syringes provide quicker and more accurate data recording,
as weil as an automated transfer of drug information. The printer alfows for a hard copy of selecied information to
be incorporated into the patient or hospital record. The CT interface via CAN, faclitates information flow and
collection at & single point, elther the CT scanner system or the injector. The hospital information system interface
improves this information flow a step further, potentially creating an al-electronic system with minimal user
intervention; this provides the opportunity for reduced error and efficiency in the CT scanning suite,
[0134] With respect to another exemplary embodiment, on occasion, field engineers make service calls to a power
injector, e.g. for routine maintenance or fo diagnose failed operation. During such sewvice calls, the fieid engineer is
able to operate the injector in a “service” mode without having to install electrical jumpers in the injector control.
instead, referring to Fig. 5B, the servics mode function is initiated by a field engineer using an intelligent identification
{"1D") card 122. Such an |D card 122 has an RFID tag 124 that incorporates an RFID chip and associated antenna
in & known manner.
[0135] Anexemplary process for using the 1D card 122 for injactor mainienance is shown in Fig, S As indicated
at 802, the RFID tag 124 is loaded at the supplier facility 24 with data including, but not limited o, the following:

— An identification of the field engineer.

— Lates{ updates and software information.

~ Specific software revisions.
[0136] Toinitiate sarvice of a power injector, the fleld engineer places the 1D card 122 on an empty facepiate 88b,
thereby aliowing the R/W device 104b to read and write to the RFID tag 124. As indicaled at 804 of Fig. 9, upon
reading an appropriate wentification and securily code from the RFID tag 124, a field engineer identification and
setvice time and date are stored in the injector control 93. Thereafter, the injector user interfaces 94, 57 (see Fig. 5A)
are effective to awitch the injector 50 into a service mode, thereby disabling several operational checks and features
that are used in a normal injection cycle buf which inhibit operating the injector 50 for service purposes. The R/W
device 104 continues to periodically read the identification and security codes from the RFID tag 124, Upon failure
to successfully read the RFID tag 124, for example, because the |D card 122 has been removed from the faceplate
88h, the injector control 83 automatically switches the injector 50 out of the service mode. Thus, the pravicusly
disabied operational checks and features are re-enabled, and the injector is ready to operate in a normal injection
cycle. Further, at 804, the injector control 93 is operative to read from the RFID tag 124 information and data relating
to factory updates to the injector components and software.
[0137] In the process of servicing the injector 50, as indicated at BB, the field engineer initiates uploads of
software upgrades from the RFID tag 124 to the injector control 83, in addition, mechanical components are servicad,
mechanicat upgrades are installed and their operation is verified. As a final step of the service operation as indicated
at 808, the injector control 83 writes fo the RFID tag 124 on the ID card 122 data including, but not limited to, the

following:
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- The latest software revision installed.

- A confirmation that mechanical and software upgrades have been instalied.

~ The date of service and serial number of the injector.

- Protocal, statistics or details relating to the injector operation since the fast servica,
f0138] Upon the field enginger retuming to the supplier faciiity 24, the RFID tag 124 is read; and the service
information is stored in a history file associated with the particular injector that was serviced,
[0139] The use of an RF communications system between an RFID tag 60 on a container 20 and a power injector
control 83 provides for further exemplary embodiments of the RF communications system. Known RFID systems
use electromagnetic (EMj) fields to communicate betwean an RAW device that includes a tuned antenna and one or
more RFID tags or transponders. In one exemplary embodiment, the RIW device sends out data using EM fields at
a specific frequency; and with passive RFID tags, this EM energy powers the tag, which in tum enables processing
of this recelved data, Following receipt of the data, the RFID tag may transmit data that is received and processed
by the RIW device.
[6140] An RFID is difficult to implement around metallic or diamagnetic materials, for example, water, saline or a
reedical fluid in a container such as a contrast media in a syfinge. These materials absorb andfor reflect RF energy,
making successful read-write RFID operations difficult, espedially with the low power regulations for RF frequencies.
In addition, the angle between a plane of the RFID tag antenna and a plane of the R/W device antenna is critical. For
oplimum performance, the plane of the RFID tag antenna should be substantially parallel to the plane of the RIW
device antenna. As shown in Fig. 10, for single plane anlennas, as an agule angle 200 between an RFID tag
antenna plane 202 and an R/W device antenna plane 204 increases, a signal strength coupling the antennas in the
two pianes 200, 204 decreases. In other words, as the angle 200 increases, the RF signal strength transferable from
the R/W device antenna to the RFID fag antenna decreases. Similarly, the signal strength transferable from the
RFID tag antenna back o the RAW device antenna alse diminishes. Fusther, that signal strength is substantially
equal to the output signal strength of the R/W device antenna minus any attenuation from metallic and diamagnatic
materials divided by the cosine of the angle 200,
[0141] Referring back fo Fig. 5A, orientation of the syringe 20b places the RFID tag antenna 210 relatively close to
the R/W deavice 104b; and therefore, coupling RF signals therebetween to fagilitate reading datz fram, and/or writing
datato, the RFID tag 60k, However, with the syringe 20b oriented as shown in Fig. 14, contrast media in the syringe
200 is between the RFID tag antenna 210 and the RAW device 104b. The contrast media atienuates the RF field
strength from the antenna of the RIW device 104b and interferes with its RF coupling with the RFID tag antenna 210,
[0142] inone exemplary embodiment of the invention, referring to Fig. 12, a syringe 20k having a tabei 300 with
an anterna 210 and RF driver 212 is positicned abave faceplate 88, ready to be loaded therein. A first PC board
102 and a second PC board 103 are mounted in faceplzle 88b, 50 as to be nonparaliel. The PC boards 102, 103
form sides of a V-shape and thus, form an angle of less than 180 degrees therebetween. PC board 102 supports a
first antenna loop 220 and its associated tuning circuit 226, and PC board 103 supporls a second antennaloop 222
and its associated tuning circuit 228, The first and second antenna foops 220, 222 and respective tuning circuits 226,

228 are connected to an RAW RF driver circuit 224b through a switching circuit 241b 1o collectively form the
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electromagnetic RAW device 104b. In an alterative embodiment, the R/W RF driver circuit 224b and switching
circuit 241b may be mounted on a separate PC board 102b (shown in phantom), which is lacated bereath, and
slectrically connected to, the PC board 102 In cther embodiments, the RAW RF driver circuit 224b andfor the
switching circuit 241b may be mounted in the power head 90 in association with the injector control 83.

[6143] Furher, as shown in Figs. 13A-13D, an antenna system 229b comprising the antenna loops 220, 222,
respedlive tuning circuits 226, 228 and switching circuit 241b is connectable in different electrical configurations to
achieve an optimum RF coupling between the RIW device 104b and the RFID tag 60b.

{0144} Referring to Fig. 13A, power from the RIW RF driver circuit 224b is applied to the input 230 of a tuning circuit
226 that is connected to a signal lead 231 of the primary ardenna loop 220 on PC board 102, Further, input 234 of
the luning circuit 228, which is connected to a signal lead 235 of the secondary antenna foop 222 on PC board 103,
8 left open or floating. A primary antenna loop ground lead 232 is connected to ground with the secondary antenna
loop ground lead 238, In this configuration, the powered primary antenna loop 22C on PC board 102 is tuned o a
frequency indicaled by a protocol of the RFID tag 60b, for example, about 13.56 Megaheriz, which permits
propagation of the RF signal into the surrounding area. An RF signal from the primary antenna loop 220 is coupled
with the secondary antenna loop 222 on PG board 103, because the secondary antenna loop 222 is alse tuned to
resonate at about 13.56 Megahertz.

[0145] The angled, V-shape crientaticn of the PC boards 102, 103 and respective areas of antenna loops 220, 222
provide an expanded or increased lotal antenna area for the R/W device 104b. Thus, with the antenna configuration
of Fig. 13A, as shown in Fig. 12, an effective antenna area extends circumferentially around a substantially greater
area of a sytinge 20b than is possibie with the singie PC beard 102 shown in Fig. 5A. Further, the antenna power
provided by the RF driver circuit 224b is also spread over a larger area represented by the combined areas of
antenna loops 220, 222. Upon the syringe 20b being loaded onto the faceplate 885, with some orientations of the
syringe 20b, the larger antenna area shown in Fig. 13A improves the RF coupling with the antenna 210 of the RFID
tag 60b.

[0146] As shown in Fig. 138, antennaloop 222 on PC board 03 can be made the primary loop by disconnecting
of opening an input 230 of the tuning circuit 226 and connecting the tuning circult input 234 of the antenna loop 222
to the pawer output of the R/W RF driver circuit 224b. First antennaloop ground lead 232 and second antenna loop
ground lead 236 continue to be connecled to ground. Again, both antenna loops 220, 222 are tuned to resonate at
the RFIC tag frequency, that is, about 13.56 Megahertz, The antenna configuration of Fig, 138 may provide better
RF coupling with the antenna 210 of the RFID tag 60b depending on the origntation of the syringe 20b and thus, the
circumferantial location of the RFID tag 60b.

[0147] Another configuration of the antenna loops 220, 222 is shown in Fig. 13C wherein the tuning circuit input
230 of the first antenna loop 220 is connecied to the power output of the RIW RF driver cirouit 224b:; and first antenna
loap ground lead 232 is connected to ground. The {uning circuit input 234 and ground lead 236 of antenna loop 222
are connected to ground, which prevents the second antenna loop 222 from resonating at the RFID {ag frequency,
which, in this application, is 13.56 MHz. This effectively reduces the area of the antenna system 2290 to the area of

the primary antenna loop 220, and all of the power from the RIW RF driver circuit 224b is applied across the area of
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the primary antenna loop 220, which is tuned to resonate at the RFID tag frequency, that is, about 13.56 Megaherz.
Upon the syringe 2Gb being foaded oato the faceplale 886, depending on the orientation of the syringe 20b and the
RFID fag antenna 210, the smaller antenna area of the circuit in Fig. 13C may improve the RF coupling with the
antenna 210 of the RFiD tag 60b.

[0148] Referring to Fig, 13D, alternatively to Fig. 13C, the tuning circuit input 234 of the second antenna loop 222
on PG board 103 is connected to the power output of the RAW RF driver circuit 224b; and tuning circuit input 230 of
the first antenna loop 220 is connected o ground along with antenna loop ground leads 232 and 236. Thus, the first
antennatoop 220 does not resonate at the RFID tag frequency of 13.56 MHz; and only the second antenna loop 222
is tuned fo resonate at that frequency. With some orlentations of the syringe 20b, this antenna configuration provides
the best RF coupling with the antenna 210 of the RFID tag 60b.

[0148] Insome applications, a user may be instructed to load the syringe 20b in the facepiate 88b so that the label
300 is always in the same orientation. Or, in other applications, the RFID tag 60k may be removable from the syringe
and mountable at & fixed location on the injector 50. In those applications, an RAY antenna can be designed and
placed in a fixed location to have optimum RF coupling with an RFID tag. However, in still further applications, a user
may have no |imitations on where the RFID tag 80b is located on the syringe 20k or how the RFID) tag 80b is oriented
when the syringe 20b is mounted on a faceplate 88b. in those applications, the RFID tag 60b may have any
circumferential location around a barrel of the syringe 20b or within the faceplate 88b. Further, in such applicatiens,
itis difficult to precisely predict which of the antenna configurations in Figs. 13A-13D will provide the best RF coupling
with an RFID tag having an unknown orientation with respect to RW device 104b. This is due, in part, to the complex
and somewhat unpredictable EM fields formed around materials that reflect andior absorb such fields. Therefore, in

another exemplary embodiment of the invention, all of the antenna configurations of Figs. 13A-13B may be utilized.

[0150] Referring to Fig. 14, switches 238, 240 on PC board 102 comprise the switching circuit 241b, which is used
to seleclively connect respective tuning circuit inputs 230, 234 to either a power output or ferminal 242 from RAN RF
driver circuit 224b, a ground terminal 244 or an open state represented by contacts 246, The ground leads 232, 236
of respective antenna loops 220, 222 are always connected to the ground 244. The contacts of switches 238, 240
have notations 1o Figs, 13A-130 indicating the switch states coresponding to the antenna configurations of Figs.
13A-13D.

[0151] In use, refemning to Figs. 12 and 15, a communications cycle is initiated either avtomatically by the injector
cantrol 83 detecting a syringe 20b being loaded into the facepiate 88b (such as by the mavement of a mounting arm
of the faceplate 88b, causing a magnet in the mounting arm to move into confronting relaticnship with a magnetic
sensor in the injector), or manually by an operator providing an input to the injector control 83. In either eveni, the
injector control, at 900, operates the swilches 238, 240 to connect the antenna locps 220, 222 in a first of the four
sircuit configurations, for example, the circuit configuration shewn in Fig. 13A. Thereaftes, the injector control 93
initiates, at 902, a communications protocol between the RIW RF driver circuit 224b and the RF driver circuit 212 of
the RFID tag 60b. Initiating @ communications protocol is a known process by which the RIW RF driver circuit 224b

causes the RAW antenna systerm 229b o emit an electromagnetic signal in order to establish a retiable RF coupling
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with the tag antenna 210 and thus, establish an RF communications with the RFID tag 60b. Upon establishing an
RF communications. the R/W device 104b can read data from andfor write data to the RFID tag 60b.

[0152] If at 304, the injector contral 93 determines that the communications protocol and hence, the RF
communicalions link, has been established, the injector control 93 commands, at 808, the R/W drive 104b to proceed
with the reading of data from, and/or the writing of data to, the RFID tag 60b. However, #, at 804, the injector control
93 determines that the communications protocol failed, and a successful RF communications between the RIW
device 104b and the RFID tag 60b is not made, the injector conirol 93 determines, at 808, whether all antenna loop
configurations have been tried. If not, the injector control 93 operates, at 810, the switches 238, 240 to connect the
antennaloops 220, 222 into another one of the four ciroult configurations shown in Figs. 13A-138. Thereafter, the
injector cantrol 93 automatically iterates through the process steps 802-808 to reconnedt the antenna loops 220-222
in different clioull configurations in an attempt to establish a successful RF eommunications protoced or tink. If, at 908,
the injector control 93 has tried all of the antenna loop configurations without success, it sets, at 912, a protocol
falure flag or error message.

{0153] Figs. 11-14 illustrale different embodiments of an antenna system 228b that may be employed with an
electromagnetic R/W device 104b to read a data tag 60b applied to 2 syringe 20b mounted in an open faceplate 88b.
tn a further embodiment, referring to Fig. 5A, a syringe 20a, that often is a user-filled disposable syringe, is mounted
within a translucent or transparent pressure jacket 250 of faceplate 88a. The syringe 20a is secured in the pressure
jacket 250 by a cap 252 in a known manner. A dala tag 60a is integrated into a label 30a applied to the syringe 20a,
and the structure and operation of data tag 60a is substantially identical to the data tag 60b previously described,
When utilizing the pressure jacket 260 of faceplate 884, it is desirable that the data tag 60a be readable regardless
of its orientation inside the pressure jacket 250,

[0154] Referring to Figs. 5A and 1€, in a further exemplary embadiment of an RFID communications system, to
enhance readability of a data tag 60a, the pressure jacket 250 may be equippad with an antenna system 22%9a, which
includes of an array of antenna loops 254, 256, 258 spaced about a circumference of the syringe 20a. While equal
spacing of the antenna loops is shown, ather spacing may be used. The pressure jacket 250 has inner and ouder
cylindrical sleeves 260, 262, respectively. As illustrated, the antenna loops 254, 256, 258 may be molded between
the inner and outer sleeves 260, 262. Referring to Fig. 17, the antenna loops 254, 256, 258 have respective tuning
circuits 264, 286, 268, which may be molded between the inner and outer cylindrical sleeves 260, 262. Tuning eircuit
input leads 270, 272, 274 and a ground lead 278 may be bundled into a cable 278 that extends from the face plate
88a to a switching circuit 2414 located in the power head 93, The switching circuit 241a may operate in any
appropriate manner, such as in a manner like that previously described with respect to the switching circuit 241b of
Fig. 14. The switching circuit 241a may be controlled by an RW driver circuit 224a that may be located in the power
head 80. To exchange dala with the data tag 60a, the R/W driver circuit 224a may execute a communications cycle
utilizing the antenna loops 254, 266, 258 in a manner similar to that described with respect to Fig. 15. Thus, in
initiating communications with the data tag 60a, the R/W RF driver circuit 224a may connect the antenna loops 254,
258, 268 in different circuit configurations in order to find a circuit configuration providing the most refiasle

communications with the data tag 60a. By using more than two antenna loops, less power may be required to initiate
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a communications cycle with the data tag €0a. In additicnal exemplary embediments, while the antenna system
229a is shown as including three anterna loops, other embodiments may inchude other appropriate quantities andlor
arrangements of antenna loops. Further, white the antenna system 229a is shown as a component of the pressure
jacket 250, other embodiments may include an anterna system having a plurality of antenna loops that is not
associated with a pressure jacket.

[0155] inits various embodiments, the antenna systems 229a, 228b may advantageously incorporate one or more
antenna loops that can be powered individually, or mutually coupled tegether, fo produce several tuned antenna and
EM field configurations. In some environments, the antenna systems 228a, 228b may be characterized as providing
an effective low power system for reading data from and/or writing data to a data tag that may be disposad at any
location on a contrast media syringe. Moreover, that contrast mediz syringe may exhibit virtually any orientation
relative to a faceplate of a power injector 50 with which it may be associated. Thus, the antenna systems 229a, 220b
may positively address various challenges relating fo use of an RF communications system around metaflic or
diamagnetic materals, e.g., water, saline, contrast media, or other fluids, andfor in a regulated environment that may
mandate use of a relatively low power RF signal.

[0156] The exemplary embodiments described with respedt to Fig, 1A relate generally to a life cycle of a container
20 sush as a syringe filled with a pharmaceutical such as a contrast media. However, refering lo Fig. 1B, a container
life cycle 18b may relate to other types of containers 20c that are used to store radiopharmaceuticals. While much
of the container life cycle 180 of Fig. 1B is generally similar to container life cyele 18a of Fig. 1A,
radiopharmaceuticals require different handling and storage. The container 20¢ is schematically shown as a syringe,
but the container 20c may be a vial or other container suitable for use with a radiopharmaceutical, Within the supplier
facility 24, after the container 20¢ is filled with a radiopharmaceutical at a drawing-up or filling station 28, a quality
control check of the radiopharmaceutical may be performed at qualily control station 31, Thereafter, the container
20c is placed or loaded into a pig 33, which generally includes lead and/or other radiation shielding material to protect
handlers from exposure to radiation from the radiopharmaceutical.

[0571 [namanner similar to that described with respect to container 20 of Fig. 1A, as shown in Fig. 1B, the loaded
pig 33 may then be packaged either singularly or as a batch in an appropriate shipping carton 34 and shipped to a
customer or user. Ofter, the cartons 34 are stored in a nudlear medicine department 29 within the hospital 42, which
generally includes a radiopharmacy 48 and treatment room 26b. As required, a radiopharmaceutical container may
be removed from a pig and placed in a calibration tool 43 to calibrate an activity level of the radiopharmaceutical to
a desired level prior to its use. The radiopharmaceutical container may then be placed back into the pig; and at an
appropriate time, the pig may be carried to a treatment room 26b. The radiopharmaceutical container may again be
removed from the plg, and the radiopharmaceutical may be injected into a patient 52 either manually or using a
powered injector such as that shown and described herein. [n varicus embodiments, different manual or powered
iniectors may utilize various principles of the invention, and are thus, included within the scope of this disclosure,
[0158] After use, the radiopharmaceutical container may be placed in the pig and returned {o the supplier facility
24; and at a post processing station 51, the radiopharmaceutical container may be disposed of and the pig may be

cleaned for reuse.
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[0159]1 An exemplary embodiment of a radiopharmaceutical container draw-up and packaging process
implemented at a supplier facilily 24 is iilusirated in Fig. 6. A radiopharmaceutical container 20¢ is filled, at 502, with
4 radiopharmaceutical at a draw-up slaticn 28, Thereafter, at 504, a label 30 and/or RFID tag 60 are applied fo the
radiopharmaceutical container 20c at the labeling station 32. The RFID tag €0 can be integrated with, or separate
from, the fabel, and the RFID tag 60 incorporates an RFID chip and asscciated antenna in a known manner.
{0160] As shown in Fig. 18, the RFID tag 80 can be applied at any suitable location on a radiepharmaceutical
container. For example, the RFID tag 60 can be part of alabel 30 that is applied to a radiopharmaceutical syringe
20d or a radiopharmaceutical viat 20e. in the example of the radiopharmaceutical syringe 20d, an RFID tag can be
applied to, or integrated into, the syringe structure at different locations as previously described with respect to Figs.
2A-2D. In afurther embodiment, the syringe |abel 30 may be removable; and immediately prior to the syringe 20d
being loaded into a power injecior, a portion of the iabel 30 including the RFID tag can be peeled off and applied o
the injector or an associated reader. Upon removing the radiopharmaceutical syringe 20d from the injecior, the RFID
tag 30 is reapplied to the radiopharmaceutical coniainer 20d. An identical or different label 30 can also or
atematively be applied fo a radiopharmaceutical syringe pig 33a or a radiopharmaceutioal vial pig 33b. Further, a
fabel 30 with an RFID tag 80 can be applied to a carton 34, for example, a satchel, designed to transper a plurality
of pigs.

[0161] Within the supplier facility 24 of Fig. 1B, a read/wiite ("R/W") device 62 is connected to a label computer 64
and, at 506 {Fig. 6), s operative to read data from andfor write data to the RFID tag 80 for a particular
radiopharmaceutical container 20¢. As shown in Fig. 3B, the draw-up station 28 may include a draw-up statlon
computer 41 in slectrical communications with an R/W device 43, and depending on the application, either orboth
of the R/W devices 43, 62 can be used to writs data to the RFID tag 60, which data includes but is not limited te the
data previously described with respect to step 506. With a radiepharmaceutical, the data may also include all of the
dose and prescription information that is cumrently being printed on a prescription {abel and/or encoded into a bar
code, measured radioactivity levels, for example, Te-89 and Mo-89, and time when measured, an identity of
radioactive elements used, for example, Te-99 and Mo-99, their respective sources, and other suitable data,
[0162] Returning to Fig. 6, processes shown in phantom at 507 and 509 are performed that are unique o the
radicpharmaceutical containers 20c. First, at 507, quality control checks may be performed {e.g., at a quality control
station 31} o determine, for example, a purity of the radiopharmaceutical, the correctness of information on the label,
dosage information, etc. As shown in Fig. 3B, the quality control station 31 may include a quality control computer
45 and an asscciated R/W device 47 that may be used to read data from andfor write daia to the RFID tag 60
depending on the quality controf checks performed andfor other system spegifications.

[0163] The container 20c may then, at 508, be inserted into a pig 33 for handling, storage and transportation. A
{abel 85 can optionally be applied to the pig 33. The labet 65 can include human readable indicia, machine readable
indicia and/or an RFID tag as described with respect to the label 30. As part of the process of inserting the container
20c into the pig, either the RAW device 62 or another RIW device can be used to read data from andfor wiite data to
the RFID tag 65. Data that can be written to the RFID tag 65 may include data written to the RFID tag 60 on the

container 20c as well as data that includes, but is not limited to, the following:
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— A unigue identification number for the pig.

- An identily of a factory, preduction line, andfor batch number associated with the pig.

— A date and time at which the container was inserted into the pig,

—Any other data associated with the order, the radiopharmaceutical, its container 20¢ and associated pig
33
[0164] At508 in Fig. 6 {in a manner similar to that previously described with respect to Fig, 1A}, one or more pigs
33 may be loaded into a shipping carton 34 {see Fig. 1B). At510, the cartons 34 may be stocked as inventory in a
shipping/receiving department 38. Based on orders received, as indicated at 512, the cartons 24 may be further
cambined or palietized info a case or batch 67 for shipment to a customer; and 2 label 66 can be optionally applied
to an individual shipping carton 34 or a unified case or batch 67 of cartons,
[0168] Referring to Figs. 1B and 7, the carfons 34 may then enter the distribution channe! 40 and may be received
by a receiving department 44 of a treatment facility such as the hospital 42. A stocking and preparation process may
be execuled in proceés steps 602 and 604, which are simifar 1o those previous described. Also in step 606, cartons
may be delivered to a hospital radiopharmacy 48 (or nudlear medicine department of a healthcare facliity or other
appropriate location), and within the radiopharmacy 48, an RIW device 77 connected to a computer 79 can be used
to read data from and/or write data to the pig RFID tags 65. As shown in Fig. 3B, the computer 79, via the
gommunications link 80, can also be used to update the medicine {racking database 78 within the hospital
administration computer 78.
[0166] Processes unique to radiopharmaceutical containers are shown in phantorm 2t 807 and 808 in Fig. 7.
Specifically, within the radiopharmacy 48, a calibration tool 49 is often used, at 807, to check or validate a
radicactivily leve! of the dosage of the radiopharmaceutical within a container. This checkivalidation can be
performed using any appropriate process and/or calibration tool. As shown in Fig. 38, the calibration tool 4% may
have a calibration computer 85 connected to an R/W device 89 that, during the check/validation process, can be
used to read data from and/or write checkivalidation data to the container RFID tags 30 and/or the pig RFID tags 65,
This check/validation data may include but is not timited to

- A checkivalidation time and date.

— The decay facior or half life of the radiopharmaceutical.

— The prescribed activity lavel (curie level of radiation) at injection time.

- The activity level at another time, for example, the draw-up time,

~ A measured radioactivity level,

— A desired radipactivity level at time of treatment.

— An identity of the radioactive element injected.

- An identity of the calibration tool and operator, eic.
[0167] Continuing in Fig. 7, at the appropriate time, at 809, a pig 33 may be delivered 1o a lreatment room for use.
The radiopharmaceutical san be administered manually or uging a power injector. in most, but not all cases, a
syringe 20d or vial 20e containing the radicpharmaceutical is removed from a respective pig 33 for manual

administration; but in other applications, a power injector and process as previously shown and described with
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respect to Fig. 8 may be used. With a radiopharmaceutical, the RAW device 104 associated with the injector control
93 {see Fig. 3B) may write the current time and date to the RFID fag 60 to permit tracking of out-of-pig time (e.q., the
duration of time that a syringe or vial is not housed within the pig), if desired. During the radiopharmacsutical
injection process, the displacement of the radiopharmaceutical container piunger may be precisely controlled, and
plunger feed may be tracked {e.g.. recorded and writlen fc a tag associated with syringe and/or pig).

[0168] {t should be noted that labeling systems described herein have potentiat for eliminating a need for the
catibration tool 49. For example, the R/W device 104 of Fig. 3B can read a radioactivity leve! and time and date of
measUrement written into the RFD tag by the quality control station 31 {Fig. 1B). Injector contral €3 can then
calculate the time elapsed between the measured radicactivity level and ihe scheduled treatment tima and date. The
inector controt 93 can further calculate the decay in radicactivity level over the elapsed time; and then, being
programmed with the prescribed radiopharmaceutical dose, the injector control can calculate the correct unit dose
volume 1o be injected. Thus, a calibration tool 49 may not be required. If the radiopharmaceutical is lo be injecied
manually, the computer 79 and associaled R/W device 77 can be used by a dlinician or other appropriate personnel
in a similar fashion to provide a display of the computed current unit dosage without using a calibration tool,

[0169} After the injaction process, teferring to Figs. 1B, 53 and 19, the radiopharmaceutical containesr 20c may be
remaved from the faceplate 88b and placed back into a respective pig 33 as indicated at 802 in Fig. 19. The pig 33
may then be placed in the same or a different carton and, at 804, returned to the shipping department 44 and, at 805,
returned to the supplier facility 24. As shown in 8C7, the iabel associated with the radiopharmaceutical container may
be read just prior to disposal to assist in determining how long the container will have to be stored in a
radlation-shielding disposal andfor storage container before substantially all of its radioactivity has decayed. For
instance, the initial radioactivity of the radiopharmaceutical may be written to the tag at the time of filling the container.
Subsequent fo that initial fill ime, the radioactivity of that ragiopharmaceutical decays. Since the rate of decay is
generally known, one may utitize the rate of decay and the duration of time that has passed from the initial f#l time to
determine how much storage time may be needed to sufficiently ensure that the spent container no longer has a
significant amount of radioactivity associated therewith. This calculation of starage time may be accomplished
manually and/or electronically (e.g., using an appropriate computer interconnected with the reader uiiized to read
the tag just prior to disposal).

[6170] Atpost processing station 51 within the supplier facility 24 (Fig. 1B), at 808, the used radiopharmacautical
container may undergo suitable processing for disposal and, at 810, the associated pig may be cleaned for reuse.
Curing post processing, any of the computers previously described can be used to read data from and/or write data
to the RFID tags on the container 20¢, pig 33, carton 34 and/or pailet 87, Such activity may be application dependent
to fuffilt the needs of a particutar supplier, customer, doctor and/or hospitai, As shown in Fig. 3B, a post processing
computer 53 may be connected to an R/W device 55 that can be used to read data from andfor write data to the RFID
lags 60 on one or both the radiopharmaceutical container or the pig. The post processing compuier 53 may be able
{via a communications link 57) lo update a supplier inventory database 420 tracking radiopharmaceutical containers
and pigs within the supplier's facilities. The RFID tags 60 on the radiopharmaceutical pigs 33 may be updated or

replaced. Further, If desired, data relating to the radiopharmaceutical containers and pigs can be sommunicated
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from a supplier computer 116 to computer 78 within the hospital 42 via a communications ink 118, for example, an
internet connection, a telephonic connection, or other suitable link,

[0171] In methods as contemplated herein, RF tags 60 may be applied to a radicactive pharmaceutical container
20c that is subsequently placed in a lead lined pig 33. In such a circumstance, the pig limits the usability of the RF
tags 60 and may prevent use thersof unless the container 20c is removed from the pig 33. Therefore, it would be
highly desirable to be able to read data from, and write data to, the RF tag 80 on the radiepharmaceutical container
20c when it is stored inside the pig 33. Such is achieved by an exemplary embodiment of a pig-mounted antenna
sysfem shown in Figs, 20-22,

[0172] Referring fo Fig. 20, in a first embodiment, a radiopharmaceutical pig 33b has an elongated base 322 and
an elongated cap 324. The base 322 and cap 324 can be formed in any of a wide variety of shapes and sizes,
however, a substantially cylindrical shape is illustrated. The cap 324 is joined o the base 322 by a threaded
interconnection 325 in a known marner. A cap shielding slement 326 within the cap 324 and a base shielding
element 328 within the base 322 are used to block radiation that may be emitted from the radiopharmaceutical within
a syringe 20c. The shielding elements 326, 328 can be formed from any material that is effective to block radiation,
for example, lead, tungsten, a filled polymer composite malerial, etc. The cap shielding element 326 forms a
protrusion 329 that overlaps the base shielding element 328 when the cap 324 is mounted on the base 322. This
overlap of the shields 326, 328 facilitales a blockage of radiation through a discontinuity in the shields caused by the
cap 324 being separable from the base 322,

[0173] The cap 324 further has a cap shell 330 comprised of an ouler shell portion 332 and an inner shell portion
334, Similarly, the base 322 hag a cap shell 336 comprised of an outer shell portion 338 and an inner shell portion
340, The base and cap shells 328, 330 are made from a plastic material, for example, a polycarbonate resin, etc.
[6174] Alabel 3¢ is affixed to the radicpharmaceutical syringe 22¢ by known means, for example, an adhesive,
{ape, elastic bands, etc. Indeed, the label 30 may be affixed to the radiopharmasceutical syringe 20c in any
appropriate manner (e.g., so that it is not easily removable}. The label 30 contains indicia 346 that is in human
readable and/or machine readable form. The label 30 further has an RFID tag 60 that comprises an RFID integrated
cireuit chip 212 and at least one radio frequency anterna 210. The radiopharmaceuticat syringe 20c is often
manufaciured at a facility independent of the healthcare facility where itis 1o be used. Therefore, data relating to the
radiopharmaceutical syringe 20c is often collected at the point of its manufaclure. Further, additional data is often
collecled at different points in a distribution channel at which the radiopharmaceutical pig 33b containing the
radiopharmaceutical syringe 20c is handled. Data is also collected upen the radiepharmaceutical syringe 20c being
used and thereafter, upon its disposal or cleaning for an authorized reuse. Thus, over the life of the
radiopharmaceutical sytinge 20c and associated radiopharmaceutical pig 33k, data that can be written into the RF ID
tag 60 at different firmes in the life cycle of the syringe 20¢ has been previously described. Such data includes but is
not limited 1o the decay factor for a radiopharmaceutical (e.g., half life of pharmaceutical), ils prescribed activity level
{curie level of radiation) af injection time, the activity level at ancther time {such as filling time), and/or the time at

which the preparing physician or radiopharmacist assumed the radiopharmaceutical would be injected, The activity
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level is a function of time dug to the short half iife of most radiopharmaceuticals, so the activity level is designed for
a specific injection time.

[0175] inorder to obtain a maximum benefit from the data stored within the RFID tag 60, it is necessary to be able
to read the tag when the radiopharmaceutical syringe 20c is housed within the radiopharmaceutical pig 33b. In the
embodiment of Fig. 20, at least one radio frequency inner antenna 358 is applied over an inner surface of the inner
base shell 340; and at Jaast one radio frequency outer antenna 364 is applied over an outer surface of the cuter base
shell 338. A hole 360 extends through the inner base sheli 340, the base shield 328, and the outer base shell 338,
Atieast one connecting lead 362, for example, a copper wire lead, extends through the hole 360 and has one and
connected lo the inner antenna 358 and an opposite end connected to the outer antenna 364.

[0176] The inner antenna 358 is designed 1o couple with the RFID antenna 210 connected to the RFID chip 212,
The outer antenna 364 is designed ‘o electromagnetically couple with a readfwrite ("R/W") devios 386 in the same
way that the R¥ID antenna 210 would couple with the RIW device 368, The RIW device 366 is connected io a
compuler 368 in a known manner. The RAW device 368 electromagnetically couples with the RFID antenna 210 via
the inner and outer antennas 358, 364 respectively. Therefore, any tims the radiopharmaceutical pig 335 is handled
in ts life cycle, the R/W device 366 can be used fo read information from, andfor write information to, the RFID chip
212 of the RFID tag 60 on the radiopharmaceutical syringe 20c via an RFID antenna system comprising the
antennas 210, 358, 362, 364, It should be noted that the antenna may simply comprise leads of a sufficient length
to be used as an RFID anterna, in which case there may not be a coded antenna section 364,

[0177] Another exemplary embodiment of a radiopharmaceuticat pig 33b and radiopharmaceutical syringe 20c
utilizing the RF1D tag 50 is shown in Fig. 21. In this embodiment, inner and outer antennas 358, 364 are located on
respective inner and outer surfaces 370, 372 of a top of the cap 324. The antannas 358, 364 are electrically
connected by at least one lead 362 extending through a hole 374 in the top of the cap 324. The RIW device 356 is
able to electromagnetically couple with the RFID antenna 210 via the inner and outer antennas 358, 384 respectively.
Therefore, af any time the radiopharmaceutical pig 33b is handled in its life cycle, the R/W device 366 can be used
to read information from, andfor write information to, the RFID chiz 212 of the RFID tag 68 on the
radiopharmaceutical syringe 20c via an RFID antenna system comprising the antennas 210, 358, 384,

[0178] Placing the antennas 338, 362 in the top of the cap 324 has some advantages. First, the top of the cap 324
often experiences less radiation exposure than the base shell 338, Further, the cap outer surface 372 often
experiences less physical contact than the base outer shelt 338 during the handling of the radiopharmaceutical pig
33b; and hence, the ouler antenna 362 on the cap outer surface 372 is less subject to physicat damage.

[0179] A further exemplary embodiment of a radiopharmaceutical pig 33b and radiopharmaceutical syringe 20¢
utilizing an RFID tag 60 is shown in Figs. 22 and 22A. in this embediment, the RFID tag 60 has an RFID chip 242
on a first portion of a label 30c that is altached fo the radiopharmaceutical syringe 20¢ in a manner described earlier
with respect to Fig. 20. A second portion of the labet 30d is located outside of the radiopharmaceutical pig 33b and
has at least one RFID antenna 210 thereon. The RFID chip 212 on the first fabet portion 30¢ is electrically connecied
{0 the antenna 210 by at least one electrically conductive lead 376 integral with a tether 378. The conductive lead

376 and tether 378 may be formed from any materials that provids the desired electrical and mechanical properties,
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for example, an insulated or uninsulated copper wire, a copper trace laminated on a substrate, etc. The threaded
connector 325 is designed to provide a clearance for the conductive lead 376 and tether 378, so that the cap 324 can
be attached and removed from the base 322 without damaging the conductive lead 376 and tethar 378. The R/W
device 386 is able to electromagnetically couple with the RFID anterina 210, and the RFID antenna 210
communicates data to and from the RFID chip 212 via the conductive lead 376. Therefore, af any time the
radiopharmaceutical pig 33b is handled in its life cydle, the R/W device 366 can be used 1o read information from,
andfor weite information to, the RF1D chip 212 of the RFID tag 63 on the radiopharmaceutical syringe 20¢ via an RFID
antenna system comprising the antenna 210 and conductive lead 376.

[0180] In use, upen receiving an order for a radiopharmaceutical, a label 30 having an RFID chip 212 and
assooiated antenna 210 is applied to the radiopharmaceutical syringe 20¢, and the radiopharmaceutical syringe 20¢
can be placed in & radiopharmaceutical pig 33b. At that time, data inciuding but not limited to the identity of the
syringe and pig can be written 1o the RFID tag 60 in a manner previously described with respect to Figs. 1A and 18,
The radiopharmaceutical syringe 20c and pig 33b are then transperted to a location where the syringe 206 is filed
with a desired radiopharmaceutical. This location snay be al a radiopharmaceutical supplier or a location of a user
of the radiopharmaceutical syringe 20c, In either event, regardless of where the radicpharmaceulical syringe 20¢ is
filed, as previously described, data can be entered into the RFID tag 80 refating to the filling process, the
radiopharmaceutical being filled, and the how the radiopharmaceutical is to be used. After being filed, the pig 33b
holding the syringe 20c filtled with the radiopharmaceutical may be transported and stored several times before it is
delivered for use in a preparation andfer imaging room. During use, the syringe 20c is removed from the pig 33b, and
the radiopharmaceutical is injected into an examination subject or patient. After use, the empty syringe 20c¢ is placed
back in the pig 33b and returned to the phamaceutical supplier or other iccation far proper disposal of the
radiopharmaceutical syringe 20¢ and reconditioning of the radiopharmaceutical pig 33b for reuse.

[0181} Every lime the radiopharmaceutical pig 33b andfor radiopharmaceutical syringe 20c is handled over their
respective life cycles, in a manner as previously described, an R/W device 366 can be used to read data from, andior
wiite data fo, the RFID tag 60, thereby providing complete chronological history of the radiopharmaceutical pig 33b
and syringe radiopharmaceutical 20c over the respective life cycles. The systems illustrated in Figs, 1A, 34, 1B, 3B
have an advantage In thal almest any information is able fo be transfered between all entities invoived in a ife oydle
of a syringe 20, which is any entity that can communicate with the communication link 82. Therefore, data available
from a website on the internet 83 can be utilized during the life cycle of the syringe 20, Such internet communications
capabilities permits remole service of a power injector 50, downloading of an injection protocel, communication with
a remotely located physician, media suppfier or other entity of interest and other functions.

[0182] While the various principles of the invention have been illustrated by way of describing various exemplary
embodiments, and while such embodiments have been desaribed in considerable detail, there is no intention to
restrict, of in any way iimit, the scope of the appended cfaims to such detail. Additional advantages and modifications
wilt readily appear to those skifled in the art. For example, in the described embodiments of Figs. 20-22, an RFID
chip 212 may be positioned inside the pig. In some embodiments, the chip 212 may be located cutside the pig along

with an assoclated antenna, and the chip may be physically attached io the syringe 20c by a string or other
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attachment so that the radiopharmaceutical syringe 20c and RFID information therain remain associated.
Alternatively, the pig 33b may carry an RFID tag and antenna with no mechanical attiachment to the syringe, but it
may simply be known that the data therein relates to the syringe that is in the pig.

[0183] Further, in the exemplary embodiments shown and described herein, the anienna systems 229z, 229b use
ona, two and three antenna loops; however, in alternative embadiments, any number of antenna loops may be used.
The antenna loops may be configured in any shape and be in the same plane or in different planes. Further, the
antenna loops may of may not be overlapping. It may, however, be preferable that the antenna loops be individuzally
tuned to resonate at a specific frequency used by the RFID protocol. Furthes, in the described embodiment, a
switching circuit 241b is located on the same PC board 102 as an RF driver circult 224b; however, in alternative
embodiments, a switching circuit may be located on the second PC board 103, be split between the two PC boards
102, 103 or located elsewhere, for example, with the power injector as shown in Fig, 17,

[0184] (n addition, in the described embodiments, the R/W antenna systems 229a, 228b are applied 1o a
pharmaceutical injection assembly; however, in allernative embodiments, the RIW anfenna systems 229a, 2200
utllizing multiple nonparallel antennas may be applied to any devices that support a medical fluid container, Such
devices include but are notlimited to a warmer oven arwarming box, a container filling station, a pig or other nuclear
medicine container, a dose calibration station, a hancheld powered medical fluid dispenser, a syringe disposal
station, or other device,

[0185] When injecting medical fluid (e.g., contrast media, radiopharmaceuticals, saline, etc.}, the injection may
need o follow a specific injection process of varying pressure levels or may have established maximum pressuse
levels. For example, injection pressures for some injection procedures may dictated by the type of syringe, tubing
andfor catheter utilized with the injector. A wireless pressure sensing approach provides for desired sensing
capabilities of pressure sensors while eliminating the need to run wire to the pressure sensing circuitry. This wirsless
approach may include signal conditioning for filtering, amplifying, and cenverting an analog pressure signal to digital
as weli as a microprocessor having non-volatile memory for processing and storing information. The microprocessor
may interface to circuitry for transmitting to and receiving communication messages from the power injector via RF
wirelass technology. The microchip circuitry may be iocated near {e.g., right next to) the pressure sensor of the drive
ram to redusce the risk of electrical noise that may be otherwise introduced due to fong wire lengths. In some
embodiments, the microchip circuitry andfor the RF antenna 402 may be located near {e.g., at) an end of the ram
opposite the end that inlerfaces with the syringe plunger {e.g.. the end that interfaces with a bearing of the moter's
drive screw}. This location of the microchip cirouitry andfor the RF antenna 402 may facilitate RF communication
between the pressure sensor 40 and the receiverftransmitter cirouit 420, because the two RF antennas may be in
close proximity with one another (e.g., within an inch or so of each other) and within the confines of the housing of the
power head at all tmes. In some embodiments, the microchip circuitry and/or the RF antenna 402 may be located
betweer first and second portions of the drive ram. What is important, in at least some embodiments, is that the
miczochip circuitry and/or the RF antenna 402 be substantially in-line with the force transferred from the injecior

molor fo the syringe plunger fo enable detection and measurement of prassure.
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[0186] Referring now to Figs, 23 and 24A, an exemplary injector 50 may be configured to wirelessly meniter a
pressure of a syringe using an RF based pressure sensor 400 such as the sensor described in U.S. Patent
Application Publication 2006/0218022 A1 to Ohta et al, the entire disclosure of which is hereby incorporated by
reference. The pressure sensor 400 may be positioned at an end of the drive ram 950 of the injector 50 that is
designed to interface with a plunger 21b of a syringe 20b. Alternatively, the pressure sensor 400 may be fully
embedded in the drive ram 85b, or may be partially embedded as shown in Fig. 24B. Other locations for the pressure
sensor 400 may also be acceptable. The pressure sensor 400 wirclessly communicates with the receiver/transmitter
circuit 420 to communicale pressure values obtained by the pressure sensor 400, These pressure values may be
manipulated by a microprocessor 426 in the receiver/iransmitter cirouit 420 {see FIG. 27) in order fo formuiate
signals to be sent to a conirolier 428, which may be capable of making adjustments to the drive ram 5b and,
therafore, capable of adjusting the pressure exerted on the syringe 20b by the drive ram 99b.

[0187] Because the distance between the microchip circuitry inside or at the tip of the ram and the circuitry inside
the injecler may be short {e.g., on the order of aboul six inches at full ram travel), the power to transmit RF signals
between the ram and injector may be low. Low RF power has an advantage of low power requirements for electrenic
gircuits and fow radiated efectromagnetic fields so as not o interfere with adjacent electronic equipment,

[0188] A microchip 402, as seen in Figs. 25 and 26, may be embedded inside the drive ram 955, as discussed
above, The micraprocessor 426, which is part of the receiverfransmitter cirouit 420 (see FIG. 27), may be
programmed to only recognize RF communication from the pressure sensor 400 via 2 unique security code
transmitted from the injector 50 This unique security code may reduce {effectively eliminate) the possibility of an
unrecognized source corrupting pressure informalion transmitied from the sensor 400 to the injector 50.

[0189] The receiverftransmilter circuit 420 may be located inside the power injector 50 to communicate with the
pressure sensing circuitry 404, or may be located outside of the injector 50 in a separate module. As the power
injector 54 injects contrast out of the syringe 20b, the pressure circuit 400 in the drive ram 98b may transmit pressure
updates to the receiverftransmitter circuit 420 in the injector 50.

[0190] The pressure sensor 400 may include of an RF antenna 402, a microchip 404 which contains the pressure
sensing cirauitry 404, a sensor element, such as a transducer 408, which is designed to convert mechanicat
pressures into electrical signals, and a through hele 408 though which a component of the sensar element 408 may
protrude to record the pressure as best seen in Fig. 24B. The transducer 408 may be any common type of
transducer usad to measure pressure. The micrachip 404 may be powered from a small battery {not shown). The
battery may include chemical energy storage and/or a high value capacitor. The capacitor andfor battery may be
recharged when the ram is in the "home” position. In alternate embodiments, the microchip 404 may be powered
from the energy derived from the receiver/transmitter circuit's 420 RF transmission, The microchip 404 may consist
of twa types of circuitry as best seen in Fig. 27. The microchip 404 may contain circuitry connected to the sensor410
and separate circuitry 412 for the slorage and RF ransmission of the pressure data.

{0191] Referring now to the diagram in Fig. 27, the drive ram 852 engages the plunger 21b of the syringe 20b (Fig.
24A or 24B) creating a pressure therebetween. The sensor element 406, such as a transducer, converts the

mechznical pressure into an electrical signal. This electrical signal is processed by the sensor circuilry 440 on the
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micrachip 404 to amplify and convert the analeg signal o a digital signal. The digital signal may be manipulated by
the RF circuitry 412 on the microchip 404 which may store the digital value representing the pressure.

[0182] The receiver/transmitter circuit 420 may send an RF signal 450 to the pressure sensor 400 which may be
received on R¥ antenna 4CZ. The pressure sensor may then retumn an RF signal 452 containing the digital value
representing the pressure measurad by the sensor element 406, The RF transmission 452 may then be received by
the RF antenna 422 and manipulated through the RF dircuitry 424 of the racelvarfiransmitter circuit 420 to a form
compatible with the microprocessor 426. The microprocessor 426 may then evaluate the pressure dala and
manipulate the pressure oufput which is then sent to a controller 428 fo adjust the pressure thal the drive ram 95b is
exerling on the plunger 21b of the syringe 20b. As discussed above, this may be done in arder to follow a specified
injection protocol, or o prevent failure of the syringe, tubing or catheter. Thus, the wireless pressure sensing circuil
may be utitized to achieve desirable syringe pressure monitoring without the need for wires and conneciions between
the ram and injector.

{0193] The systems of the described embodiments relate to containers of medical fluids. Two examples described
in detail relate fo conirast media and respective syringes and radiepharmaceuticals and respective containers. In
aiternative embodiments, referring fo Fig. 1C, the container may be an IV bag 130 filled with a medical fluid. Tubing
132 from the IV bag 130 may interface with an infusion pump 134 so that a flow of medicat fluid from the IV bag 130
may be regulated via use of the pump 134. While one end of the tubing 132 is generally associated with the IV bag
130, the other end of the tubing 132 may be connected to a patient in a known manner. The iV bag 130 may have
a label 30 with a data tag 60 as previously described heredn, for example, an RFID tag. Further, the infusion pump
134 may be In electrical communication with an electromagnetic device capable of reading data from andfor writing
data o the data tag 60 of the IV bag 130. For example, the electromagnetic device may be attached to and/or
located within the infusion pump 134. As shown in Fig. 3C, the infusion pump 134 may have a control 136 connected
to the communications link 80 In a manner similar to that described with respect to the injector confrol 93 shown in
Figs. 1A and 1B. Thus, the systems of Figs. 1C and 3C may permit activity relating fo the 1V bag 130, the medical
fluid therein, andfor the infusion pump 134 to be tracked and recorded {e.g., over a life cycle of the IV bag 130).
[0194] There are many known structures for mounting a syringe {0 a power injector, and the faceplates shown and
described herein are only two such structures. Other mounting structures may not permit rermoval from the power
head. The inventions claimed herein are can be applied fo power heads having any type of struciure for mounting
a syringe thereto. in the shown and described embodiment, a heater 108 is mounted on the PC beoards 102, 103;
however, in alternative embodiments, the heater 106 may not be used and therefore, deleted from PC boards 102,
103,

[0195] When introducing elements of the present invention or various embodiments thereof, the articles “a", "an”,
“the”, and "said" are intended fo mean that there are one or more of the elements. The terms "comprising”,
“including”, and "having" are intended to be inclusive and mean that there may be additional elements other than the
listed elements. Moreover, the use of "top” and "bottom”, front” and “rear”, "above” and “below” and varistions of
these and cther terms of orientation is made for convenience, but does not require any particular orientation of the

components,
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[0196] Therefore, the invention, in its broadest aspects, is not limited to the specific details shown and described
herein. Consequently, departures may be made from the details described herein without departing from the spirit

and scope of the claims, which follow.
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What is dlaimed is:

1. A medical fluid injector comprising:

adrive ram adapted to interface with a plunger of a syringe, the drive ram comprising an RF enabled
pressure sensor, wherein the pressure sensor is configured to measuse a pressure exerted on the plunger by the
drive ram; and

an RF areuitin RF communication with the pressure sensor,

2. The injector of claim %, further comprising:
a contralier in electrical communication with the RF circuit, wherein the controlier is configured to adjust a

movement of the drive ram to alter the pressure exerted on the plunger by the drive zam.

3. Theinjecter of claim 1, wherein the RF enabled pressure sensor Is positioned toward an end of the driver ram

that interfaces with the plunger.
4. The injector of claim 1, wherein the pressure sensor comprises:
a microchip having an analog strain gauge:
an A/D converter;
an anienna;
a processor; and

an RF circuit,

3. The injector of claim 4, wherein the pressure sensor derives power from an RF field generated by an RF circuit

in the injeclor.

8. The injector of claim 4, wherein the pressure sensor uses battery power.

7. The injector of claim 6, wherein the battery power is recharged when the drive ram is at a predetermined

posifion,

8. The injector of claim 4, wherein an RF transmission by the pressure sensor is subject fo a security code,

8. The injector of claim 8, wherein the security code is usad by an RF circuit of the injector.
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10. A method of operation for a medical fluid injector, the method comprising:

engaging a plunger of a syringe with a drive ram of the injector, the drive ram compriging an RF enabled
pressure sensor;

applying pressure to the plunger using the drive ram;

measlring a value of the pressure applied to the plunger using the pressure sensor; and

transmitting the value to RF circuitry having an RF receiver,

11, The method of dlaim 10, further comprising:

using the value received by the RF circuitry fo generate an adjustment to mevement of the drive ram.
12. The method of claim 14, further comprising:
adjusting the movement of the drive ram based on the value received by the RF circuitry 1o adjust the

pressure,

13. The method of claim 10, further comprising:

deriving power from an RF field generated by the RF circuitry to power the pressure sensor.

14. The method of claim 10, further comprising:

providing power from a power storage device to power the pressure sensor.

15. The method of claim 14, wherein the power storage device comprises a chemical energy storage device,

18. The mathed of claim 14, wherein the power slorage device comprises a capacilor,

17. The method of claim 14, further comprising:

charging the power storage device when the drive ram Is at a predetermined position.

18. The method of daim 1G, further comprising:

transmitting a security code prior to transmitting the value.

19. The method of claim 10, further comprising:

recelving a security code prior to transmitting the value.

20. The methed of claim 19, wherein the security code is used by the RF circuitry,
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Abstract

The present invention relates to medical fluid injectors. An exemplary injector may include a drive ram that is
adapted to interface with a plunger of a syringe. The drive ram may be equipped with an RF enabled pressure
sensor that is configured to measure pressure exerted on the syringe plunger by the drive ram. In addition, the
injector may include an RF circuit in RF communication with the pressure sensor of the drive ram. In some
embodiments, the injector may inciude a controller in electrical communication with the RF circuit. The confrolter
may be configured to adjust movement of the drive ram to alter the pressure exerted on the syringe plunger by the

drive ram {i.e., the pressure measured by the pressure sensor),
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CONTAINER MANUFACTURING PROCESS |
502
FILL CONTAINER.
i STOCKING/PREPARATION
[ INSTALL RF-ID CHIP/ANTENNA ASSEMBLY. | PROCESS
506 03
LOAD RF-ID ON PER CONTAINER BASIS WITH: BATCH READ RF-ID UPON RECEIPT:
UNIQUE ID NUMBER STOCK IN AGE ORDER
SECURITY CODE 04
FILLED VOLUME ' Ja
CONTAINER CAPACITY AN&% Da&NS&oNS BATCH LOAD RF-ID WITH:
MEDIA TYPE, CONCENTRATION PURCHASE ORDER OR TRACKING NUMBERS RECEIPT,
MANUFACTURE DATE, LOT Numgeoga x}l'.'j\E NUMBER, FACTORY NUMBER PURCHASE AND/OR SHPMENT DATES
ODE
FILLING DATE AND TIME l 506
EXPIRATION TIME AND/OR SHELF LIFE RETRIEVE CARTON FROM STOCK ROOM,
PRODUCT PROMOTIONS AND/OR COUPONING ADYOF INTERRET LINKS READ F-D TO FIND OLDEST INVENTORY,
VENDOR SPECIFIC INVENTORY CODE(S) APPROPRIATE FORMULATION FOR PROCEDURE ROOM.
PRESCRIPTION AND DOSE DATA
MEASURED RADIGACTIVITY LEVEL
- L | 607 1 608
i 507 CHECK RADIOACTIVITY LEVEL & DELIVER CARTON TO
LOAD RF-ID TAG ON CONTAINER
G CHECK, READ/WRITE QC RELATED DATA| ANy PR o
i FROM/TO CONTANERRF-DTAG ¢ I l
H : 409 410
4 =2 b - LOAD WARMER AND READ RF
OAD WARM AD RF-ID.
INSERT CONTAINER INTO PIG, APPLY e DELIVER CREATE INVENTORY SUMMARY
LABEL & RF-ID TAG TO PIG, READ/WRITE ; ! RADIOPHARMACEUTICAL CONFIRM FORMULATIONS
DATAFROM/TOPIGRF-DTAG | ! TO TREATMENT ROOM IDENTIFY OLDEST INVENTORY
DELIVER INVENTORY INFORMATION
| TOINJECTOR
l L8
RETRIEVE CONTAINER FROM WARMER.
MATCH CONTAINER SELECTED FROM
INVENTORY SUMMARY OR
SUGGESTED BY WARMER OR
BATCH LOAD RF-ID OF CARTON WITH: INJECTOR
CUSTOMER INFORMATION
PURCHASE INVOICE OR TRACKING
PURCHASE AND/OR SHIPMENT DATES FIG. 7
CUSTOMER-SPECIFIC MARKETING
CUSTOMER-SPECIFIC INJECTOR UPDATES
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USE PROCESS
READ CONTAINER RF-ID TAG

02

04
\

PROCESS DATA FROM RFID TAG TO SETUP INJECTOR OPERATION:
- MATCH SECURITY CODE WITH SECURITY CODE OF INJECTOR
- STORE SERIAL NO AND COMPARE TO PREVIOUSLY STORED SERIAL
NUMBERS TO BLOCK REUSE
~ CALCULATE CORRECT UNIT DOSE VOLUME
- LOAD AND STORE BATCH/L.OT NUMBERS, COMPARE TO RECALL.
INFORMATION
- COMPARE RADIOPHARMACEUTICAL TO PROTOCOL
ETC.

!

04

STORE MEDIA TYPE WITH REFERENCE TO SELECTED PROTOCOL.
OPERATE CT SCANNER AND EXCHANGE DATA WITH INJECTOR CONTROL:

~ PHARMACEUTICAL BRAND NAME, CONCENTRATION, LOT NUMBER
- PHARMACEUTICAL EXPIRATION DATE, VOLUME
- INJECTED VOLUME, FLOW RATE (ACHIEVED, TARGET)
~INJECTION TIME
- PATIENT NAME, WEIGHT, AGE, ID NUMBER, FOR EXAMPLE, SS NO,,

HOSPITAL ID, ETC.
- INJECTOR SERIAL NUMBER, FIRMWARE VERSION
- PROCEDURE NUMBER AND/OR NAME
- TECHNOLOGIST NAME AND/OR IDENTIFICATION NUMBER
~HOSPITAL NAME AND/OR IDENTIFICATION NUMBER

ETC.

Y

708

P

AFTER INJECTION COMPLETED, DETERMINE AND/OR RECORD:
~ TIME AND DATE THAT THE INJECTION PROCESS WAS FINISHED
- INJECTED VOLUME, FLOW RATE {ACHIEVED, TARGET)
- VOLUME OF PHARMACEUTICAL REMAINING IN THE SYRINGE
= INJECTION TIME
- PATIENT NAME, WEIGHT, AGE, ID NUMBER, FOR EXAMPLE, SS NO,,
HOSPITAL ID, ETC.
ETC.

]

7/‘0\

PRINT LABELS WITH PERTINENT INFORMATION, SUCH AS:

- PHARMACEUTICAL BRAND NAME, CONCENTRATION, LOT NUMBER
- PHARMACEUTICAL. EXPIRATION DATE, VOLUME

- INJECTED VOLUME, PRESSURE, FLOW RATE (ACHIEVED, TARGET)
~ INJECTION TIME

~ PATIENT NAME, WEIGHT, AGE, ID NUMBER, FCR EXAMPLE, SS NO,,

HOSPITAL ID, ETC.
ETC.
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