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INDUCTIVELY COUPLED INJECTOR FACEPLATE

RELATED APPLICATIONS
This application claims priority to US provisional application serial number 61/120,100 filed on 5
December 2008 entitled “INDUCTIVELY COUPLED INJECTOR FACEPLATE".

FIELD OF THE INVENTION

The present invention generally relates to injection systems and, more particularly, to transferring power

between injection system components.

BACKGROUND

Various medical procedures require that one or more medical fluids be injected into the patient. Medical
imaging procedures oftentimes involve the injection of a contrast media into the patient, possibly along with saline
or cther fluids. Other medical procedures involve injecting one or more fluids into a patient for therapeutic
purposes. Power injectors may be used for these types of applications.

A power injector generally includes what is commonly referred to as a powerhead. One or more syringes
may be mounted to the powerhead in various manners {¢.q., detachably; rear-loading; front-loading; side-loading).
Each syringe typically includes what may be characterized as a syringe plunger, piston, or the like. Each such
syringe plunger is designed to interface with (e.g., contact and/or temporarily intercannect with) an appropriate
syringe driver that is incorporated into the powerhead, such that operation of the syringe driver axially advances
the associated syringe plunger inside and relative to 3 barrel of the syringe. One typical syringe driver is in the
form of a ram that is mounted on a threaded lead or drive screw. Rotation of the drive screw in one rotational
direction advances the associated ram in one axial direction, while rotation of the drive screw in the opposite

rotational direction advances the associated ram in the opposite axial direction.

SUMMARY

A first aspect of the present invention is embodied by a power injector that includes a powerhead and a
detachable faceplate interconnected fo the powerhead. The powerhead includes a first coil, and the faceplate
includes a second coil. The faceplate includes a syringe mount, and when the faceplate is attached to the
powerhead, the first coil and the second coil are positioned relative to each other such that the first coil and the
second coil are inductively coupled.

A number of feature refinements and additional features are applicable to the first aspect of the present
invention. These feature refinements and additional features may be used individually or in any combination. As
such, each of the following features that will be discussed may be, but are not required to be, used with any other
feature or combination of features of the first aspect. The following discussion is applicable to the first aspect, up

to the start of the discussion of a second aspect of the present invention.
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The power injector may include components that allow the transfer of power and/or data between the
faceplate and the powerhead while the faceplate and powerhead remain free from a direct electrically-conductive
connection such as a wiring hamess or mating electrically conductive contacts.

Power may be fransferred from the powerhead to the faceplate through the inductively coupled first and
second coils.  The power injector may include a primary ferromagnetic core fixediy interconnected to the
powerhead and operatively disposed proximate to the first coil. In this regard, at least a portion of the primary
ferromagnetic core may be disposed within the first coil. The power injector may include a secondary
ferromagnetic core fixedly interconnected to the faceplate and operatively disposed proximate to the second coil.
The primary ferromagnetic core and the secondary ferromagnetic core may be disposed such that, when the
faceplate is attached to the powerhead, the primary fetfromagnetic core and the secondary ferromagnetic core
together form a ferromagnetic core of a transformer that includes the first coil and the second coeil. In another
embodiment, the primary ferromagnetic core may be disposed such that it is disposed within both the first coil and
the second coil when the faceplafe is attached to the powerhead.

The power injector may be operable to deliver at least 7 watts of power to the faceplate through the first
and second coils. The power injector may include a power delivery control module operable to regulate power
delivery through the first coil to the faceplate.

Data may be transferred between the powerhead and/or other components of the power injector and the
faceplate. In an embodiment, data may be transferred through the inductively coupled first and second coils. In
this regard, the powerhead may include a communications module operatively interconnected to the first coil, and
the faceplate may include a communications module operatively interconnected to the second cail. In an
emhodiment, data may be transferred between the powerhead and/or other components of the power injector and
the faceplate through a wireless link that does not utilize the inductively coupled coils. Such wireless links may use
Bluetooth®, Wi-Fi, active radio frequency identification (RFID), and/or any other appropriate wircless
communication technology.

The faceplate may include a syringe reader capable of reading information regarding a syringe installed
proximate to the faceplate. The syringe reader may be in the form of an electromagnetic device capable of
electromagnetically reading data from and/or writing data to an appropriate data tag. The syringe reader may, for
example, include an RFID reader capable of reading an RFID tag on a syringe instalied proximate to the faceplate.
The information read from the syringe RFID tag may include, for example, lot number, expiration date and/for time,
contents, concentration, and/or fill volume. The syringe reader may also be operable to write data to the syringe.
For example, the syringe reader, in the form of an RFID reader/writer, may be operable to write to an RFID tag of
the faceplate. The syringe reader may draw power through the inductive coupling between the first coil of the
powerhead and the second coil of the faceplate.

The faceplate of the power injector may include a syringe heater. The syringe heater may be operable to
heat fluid within a syringe installed onto the faceplate. The syringe heater may draw power through the inductive
coupling between the first coil of the powerhead and the second coil of the faceplate.
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A second aspect of the present invention is embodied by a power injector that includes a ram, a faceplate
mounting, and a first coil. A first volume of the power injector is defined as a volume that is occupied by a
faceplate when that faceplate is mounted to the faceplate mounting. The first coil is disposed such that an
electrical field formed when current passes through the first coil penetrates the first volume.

A number of feature refinements and additional features are applicable to the second aspect of the
present invention. These feature refinements and additional features may be used individually or in any
combination. As such, each of the following features that will be discussed may be, but are not required to be,
used with any other feature or combination of features of the second aspect. The following discussion is
applicable to the second aspect, up to the start of the discussion of a third aspect of the present invention.

The powerhead may include a wireless communications module operable to broadcast and receive data
wirelessly. The wireless communications module may be operable to broadcast and receive data wirelessly
through the first coil. Furthermore, the powerhead may include a power delivery control module operable to control
inductive power delivery through the first coit.

The powerhead may include a ferromagnetic core, wherein the ferromagnetic core includes a first portion
disposed within the first coil. In an embodiment, the ferromagnetic core may include a second portion disposed
within the first volume.

A third aspect of the present invention is embodied by a power injector that includes a powerhead that
includes a ram and a first coil, a syringe, a second coil, and a power delivery control medule. The second coil is
disposed outside of the powerhead and is inductively coupled to the first coil. The power delivery control module is
disposed within the powerhead and is operable to regulate power delivery from the first coil to the second coil. The
power delivery control module is operable to deliver at least 7 watts of power to the second coil.

A number of feature refinements and additional features are applicable to the third aspect of the present
invention. These feature refinements and additional features may be used individually or in any combination. As
such, each of the following features that will be discussed may be, but are not required to be, used with any other
feature or combination of features of the third aspect.

The power injector may include a syringe heater electrically connected to the second coil. The syringe
heater may receive power through the inductive coupling between the first coil and the second coil.

The powerhead of the power injector may include a wireless communications module operable to
broadcast and receive data wirelessly. The wireless communications may be through the inductive coupling
between the first coil and the second coil and/or through any other appropriate wireless communication
technology.

A number of feature refinements and additional features are separately applicable to each of above-noted
first, second, and third aspects of the present invention. These feature refinements and additional features may be
used individually or in any combination in relation to each of the above-noted first, second, and third aspects. Any
feature of any other various aspects of the present invention that is intended to be limited to a "singular” context or
the like will be clearly set forth herein by terms such as "only," "single," "limited to," or the like. Merely infroduging
a feature in accordance with commonly accepted antecedent basis practice does not limit the corresponding
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feature to the singular (e.g., indicating that a power injector includes "a syringe" alone does not mean that the
power injector includes only a single syringe). Moreover, any failure fo use phrases such as "at least one" also
does not limit the corresponding feature to the singular {¢.g., indicating that a power injector includes "a syringe”
alone does not mean that the power injector includes only a single syringe}. Finally, use of the phrase "at least
generally" or the like in relation to a particular feature encompasses the corresponding characteristic and
insubstantial variations thereof (e.g., indicating that a syringe barrel is at least generally cylindrical encompasses
the syringe barrel being cylindrical).

Any "logic” that may be utilized by any of the various aspects of the present invention may be
implemented in any appropriate manner, including without limitation in any appropriate software, firmware, or
hardware, using one or more platforms, using one or more processors, using memory of any appropriate type,
using any single computer of any appropriate type or a multiple computers of any appropriate type and
interconnected in any appropriate manner, or any combination thereof. This logic may be implemented at any
single location or at multiple locations that are interconnected in any appropriate manner {e.g., via any type of
network).

Any power injector that may be utilized to provide a fluid discharge may be of any appropriate size,
shape, configuration, and/or type. Any such power injector may utilize one or more syringe plunger drivers of any
appropriate size, shape, configuration, and/or type, where each such syringe plunger driver is capable of at least
bi-directional movement (e.g., a movement in a first direction for discharging fluid; a movement in a second
direction for accommodating a oading of fluid or so as to return to a position for a subsequent fluid discharge
operation), and where each such syringe plunger driver may interact with its corresponding syringe plunger in any
appropriate manner (e.g., by mechanical contact; by an appropriate coupling (mechanical or otherwise)) so as to
be able to advance the syringe plunger in at least one direction (e.g., to discharge fluid). Each syringe plunger
driver may ufilize one or more drive sources of any appropriate size, shape, configuration, and/or type. Multiple
drive source outputs may be combined in any appropriate manner to advance a single syringe plunger at a given
time. One or more drive sources may be dedicated to a single syringe plunger driver, one or more drive sources
may be associated with multiple syringe plunger drivers {e.g., incorporating a transmission of sorts to change the
output from one syringe plunger to another syringe plunger), or a combination thereof. Representative drive
source forms include a brushed or brushless electric motor, a hydraulic motor, a pneumatic motor, a piezoglectric
motor, or a stepper motor.

Any such power injector may be used for any appropriate application where the delivery of one or more
medical fluids is desired, including without limitation any appropriate medical application (e.g., computed
tomography or CT imaging; magnetic resonance imaging or MRI; single photon emission computed tomography or
SPECT imaging; positron emission tomography or PET imaging; X-ray imaging; angicgraphic imaging; optical
imaging; ultrasound imaging). Any such power injector may be used in conjunction with any component or
combination of components, such as an appropriate imaging system (e.g., a CT scanner). For instance,
information could be conveyed between any such power injector and one or more other components (e.g., scan

delay information, injection start signal, injection rate).
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Any appropriate number of syringes may be utilized with any such power injector in any appropriate
manner {e.g., detachably; front-loaded; rear-loaded; side-loaded), any appropriate medical fluid may be discharged
from a given syringe of any such power injector {e.g., contrast media, a radiopharmacedutical, saline, and any
combination thereof), and any appropriate fluid may be discharged from a muitiple syringe power injector
configuration in any appropriate manner (e.¢., sequentially, simultaneously), or any combination thereof. In one
embodiment, fluid discharged from a syringe by operation of the power injector is directed into a conduit (e.g.,
medical tubing set), where this conduit is fluidly interconnected with the syringe in any appropriate manner and
directs fluid to a desired location (e.g., to a catheter that is inserted into a patient, for instance for injection).
Multiple syringes may discharge into a common conduit (e.g., for provision 10 a single injection site), or one syringe
may discharge into one conduit (e.g., for provision to one injection site), while another syringe may discharge into a
different conduit (e.g., for provision to a different injection site). In one embodiment, each syringe includes a
syringe barrel and a plunger that is disposed within and movable relative to the syringe barrel. This plunger may
interface with the power injector's syringe plunger drive assembly such that the syringe plunger drive assembly is
able to advance the plunger in at least one direction, and possibly in two different, opposite directions.

As used herein, the term “fluidly interconnected” describes a relationship between components or entities
where fluid is operable to flow in a predetermined flow path between the components or entities. For example, “an
injection device fluidly interconnected to a patient” describes a configuration where fluid can flow from the injection

device through any interconnecting devices (e.g., tubing, connectors) and into the patient.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1is a schematic of one embodiment of a power injector.

Figure 2A is a perspective view of one embodiment of a portable stand-mounted, dual-head power
injector.
Figure 2B is an enlarged, partially exploded, perspective view of a powerhead used by the power injector

of Figure 2A.
Figure 2C is a schematic of one embodiment of a syringe plunger drive assembly used by the power

injector of Figure 2A.
Figure 3 is a perspective view of one embodiment of a powerhead and an inductively coupled injector

faceplate.
Figure 4 is a block diagram of a powerhead and faceplate operatively interconnected through a primary

and a secondary coil.

DETAILED DESCRIPTION
Figure 1 presents a schematic of one embodiment of a power injector 10 having a powerhead 12. One or

more graphical user interfaces or GUIs 11 may be associated with the powerhead 12. Each GUI 11: 1) may be of
any appropriate size, shape, configuration, and/for type; 2) may be operatively interconnected with the powerhead
12 in any appropriate manner; 3) may be disposed at any appropriate location; 4) may be configured to provide
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any of the following functions: controlling one or more aspects of the operation of the power injector 10,
inputting/editing one or more parameters associated with the operation of the power injector 10; and displaying
appropriate information (e.g., associated with the operation of the power injector 10); or 5) any combination of the
foregoing. Any appropriate number of GUIs 11 may be utilized. In one embodiment, the power injector 10
includes a GUI 11 that is incorporated by a console that is separate from but which communicates with the
powerhead 12. [n another embodiment, the power injector 10 includes a GUI 11 that is part of the powerhead 12.
In yet another embodiment, the power injector 10 utilizes one GUI 11 on a separate console that communicates
with the powerhead 12, and also utilizes another GUI 11 that is on the powerhead 12. Each GUI 11 could provide
the same functionality or set of functionalities, or the GUIs 11 may differ in at least some respect in relation to their
respective functionalities.

A syringe 28 may be installed on the powerhead 12 and, when installed, may be considered to be part of
the power injector 10. Some injection procedures may result in a relatively high pressure being generated within
the syringe 28. In this regard, it may be desirable to dispose the syringe 28 within a pressure jacket 26. The
pressure jacket 26 is typically associated with the powerhead 12 in a manner that allows the syringe 28 to be
dispased therein as a part of or after installing the syringe 28 on the powerhead 12. The same pressure jacket 26
will typically remain associated with the powerhead 12, as various syringes 28 are positioned within and removed
from the pressure jacket 26 for multiple injection procedures. The power injector 10 may eliminate the pressure
jacket 26 if the power injector 10 is configured/utilized for low-pressure injections and/or if the syringe(s) 28 to be
utilized with the power injector 10 is (are) of sufficient durability to withstand high-pressure injections without the
additional support provided by a pressure jacket 26. In any case, fluid discharged from the syringe 28 may be
directed into a conduit 38 of any appropriate size, shape, configuration, and/or type, which may be fluidly
interconnected with the syringe 28 in any appropriate manner, and which may direct fluid to any appropriate
location {e.g., to a patient).

The powerhead 12 includes a syringe plunger drive assembly or syringe plunger driver 14 that interacts
(e.g., interfaces) with the syringe 28 (e.g., a plunger 32 thereof) to discharge fluid from the syringe 28. This
syringe plunger drive assembly 14 includes a drive source 16 (e.g., @ motor of any appropriate size, shape,
configuration, andfor type, optional gearing, and the like) that powers a drive output 18 (e.g., a rotatable drive
screw). A ram 20 may be advanced along an appropriate path {e.g., axial) by the drive output 18. The ram 20
may include a coupler 22 for interacting or interfacing with a corresponding portion of the syringe 28 in a manner
that will be discussed below.

The syringe 28 includes a plunger or piston 32 that is movably disposed within a syringe barrel 30 (e.g.,
for axial reciprocation along an axis coinciding with the double-headed arrow B). The plunger 32 may include a
coupler 34. This syringe plunger coupler 34 may interact or interface with the ram coupler 22 to allow the syringe
plunger drive assembly 14 to retract the syringe plunger 32 within the syringe barrel 30. The syringe plunger
coupler 34 may be in the form of a shaft 36a that extends from a body of the syringe plunger 32, together with a
head or button 36b. However, the syringe plunger coupler 34 may be of any appropriate size, shape,

configuration, and/or type.
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Generally, the syringe plunger drive assembly 14 of the power injector 10 may interact with the syringe
plunger 32 of the syringe 28 in any appropriate manner (e.q., by mechanical contact; by an appropriate coupling
(mechanical or otherwise)) so as to be able to move or advance the syringe plunger 32 (relative to the syringe
barrel 30) in at least one direction (e.g., to discharge fluid from the corresponding syringe 28). That is, although
the syringe plunger drive assembly 14 may be capable of bi-directional motion {e.g., via operation of the same
drive source 16), the power injector 10 may be configured such that the operation of the syringe plunger drive
assembly 14 actually only moves each syringe plunger 32 being used by the power injector 10 in only cne
direction. However, the syringe plunger diive assembly 14 may be configured to interact with each syringe plunger
32 being used by the power injector 10 so as to be able to move each such syringe plunger 32 in each of two
different directions (e.g. in different directicns along a common axial path).

Retraction of the syringe plunger 32 may be utilized to accommodate a loading of fluid into the syringe
barrel 30 for a subsequent injection or discharge, may be utilized to actually draw fluid into the syringe barrel 30 for
a subsequent injection or discharge, or for any other appropriate purpose. Certain configurations may not require
that the syringe plunger drive assembly 14 be able to refract the syringe plunger 32, in which case the ram coupler
22 and syringe plunger coupler 34 may not be desired. In this case, the syringe plunger drive assembly 14 may be
retracted for purposes of executing another fluid delivery operation (e.g., after another pre-filted syringe 28 has
been installed). Even when aram coupler 22 and syringe plunger coupler 34 are utilized, these components may
or may not be coupled when the ram 20 advances the syringe plunger 32 to discharge fiuid from the syringe 28
(e.g., the ram 20 may simply "push on" the syringe plunger coupler 34 or directly on a proximal end of the syringe
plunger 32). Any single motion or combination of mations in any appropriate dimension or cambination of
dimensions may be utilized to dispose the ram coupler 22 and syringe plunger coupler 34 in a coupled state or
condition, to dispose the ram coupler 22 and syringe plunger coupler 34 in an un-coupled state or condition, or
hoth.

The syringe 28 may be installed on the powerhead 12 in any appropriate manner. For instance, the
syringe 28 could be configured to be installed directly on the powerhead 12. In the iflustrated embodiment, a
housing 24 is appropriately mounted on the powerhead 12 to provide an interface between the syringe 28 and the
powerhead 12. This housing 24 may be in the form of an adapter to which one or more configurations of syringes
28 may be installed, and where at least one configuration for a syringe 28 could be installed directly on the
powerhead 12 without using any such adapter. The housing 24 may also be in the form of a faceplate to which
one or more configurations of syringes 28 may be installed. In this case, it may be such that a faceplate is
required to install a syringe 28 on the powerhead 12 — the syringe 28 could not be installed on the powerhead 12
without the faceplate. When a pressure jacket 26 is being used, i may be installed on the powerhead 12 in the
various manners discussed herein in relation to the syringe 28, and the syringe 28 will then thereafter be installed
in the pressure jacket 26.

The housing 24 may be mounted on and remain in a fixed position relative to the powerhead 12 when
installing a syringe 28. Another option is to movably interconnect the housing 24 and the powerhead 12 to

accommodate installing a syringe 28. For instance, the housing 24 may move within a plane that contains the
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double-headed arrow A to provide one or more of coupled state or condition and an un-coupled state or cendition
between the ram coupler 22 and the syringe plunger coupler 34.

One particular power injector configuration is illustrated in Figure 24, is identified by a reference numeral
40, and is at least generally in accordance with the power injector 10 of Figure 1. The power injector 40 includes a
powerhead 50 that is mounted on a portable stand 48. A pair of syringes 86a, §6b for the power injector 40 are
mounted on the powerhead 50. Fluid may be discharged from the syringes 86a, 86b during operation of the power
injector 40.

The portable stand 48 may be of any appropriate size, shape, configuration, andfor type. Wheels, rollers,
casters, o the like may be utilized to make the stand 48 portable. The powerhead 50 could be maintained in a
fixed position relative to the portable stand 48. However, it may be desirable to allow the position of the
powerhead 50 fo be adjustable relative to the portable stand 48 in at least some manner. For instance, it may be
desirable to have the powerhead 50 in one position relative to the portable stand 48 when loading fluid into one or
more of the syringes 86a, 86b, and to have the powerhead 50 in a different position relative to the portable stand
48 for performance of an injection procedure. In this regard, the powerhead 50 may be movably interconnected
with the portable stand 48 in any appropriate manner (g.g., such that the powerhead 50 may be pivoted through at
least a certain range of motion, and thereafter maintained in the desired position).

It should be appreciated that the powerhead 50 could be supported in any appropriate manner for
providing fluid. For instance, instead of being mounted on a portable structure, the powerhead 50 could be
interconnected with a support assembly, that in turn is mounted to an appropriate structure {e.g., ceiling, wall,
fioor). Any support assembly for the powerhead 50 may be positionally adjustable in at least some respect (e.g.,
by having one or mare support sections that may be repositioned relative to one or more other support sectians),
or may be maintained in a fixed position. Moreover, the powerhead 50 may be integrated with any such support
assembly so as to either be maintained in a fixed position or so as to be adjustable relative the support assembly.

The powerhead 50 includes a graphical user interface or GUI 52. This GUI 52 may be configured to
provide one or any combination of the following functions: controlling one or more aspects of the operation of the
power injector 40; inputting/editing one or mare parameters associated with the operation of the pawer injector 40;
and displaying appropriate information (e.g., associated with the operation of the power injector 40). The power
injector 40 may also include a console 42 and powerpack 46 that each may be in communication with the
powerhead 50 in any appropriate manner {e.g., via ane or more cables), that may be placed on a table or mounted
on an electronics rack in an examination room or at any other appropriate location, or both. The powerpack 46
may include one or more of the following and in any appropriate combination: a power supply for the injector 40;
interface circuitry for providing communication between the console 42 and powerhead 50; circuitry for permitting
connection of the power injector 40 to remote units such as remote consoles, remote hand or foot control switches,
or other ariginal equipment manufacturer {(OEM) remote control connections (e.q., to allow for the operation of
power injector 40 to be synchronized with the x-ray exposure of an imaging system); and any other appropriate
componentry. The console 42 may include a touch screen display 44, which in turn may provide one or more of

the following functions and in any appropriate combination: allowing an operator to remotely control one or more
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aspects of the operation of the power injector 40; allowing an operator to enterfedit cne or more parameters
associated with the operation of the power injector 40; allowing an operator to specify and store programs for
automated operation of the power injector 40 (which can later be automatically executed by the power injector 40
upon initiation by the operator); and displaying any appropriate information relation to the power injector 40 and
including any aspect of its operation.

Various details regarding the integration of the syringes 86a, 86b with the powerhead 50 are presented in
Figure 2B. Each of the syringes 86a, 86b includes the same general components. The syringe 86a includes
plunger or piston 90a that is movably disposed within a syringe barrel 88a. Movement of the plunger 90a along an
axis 100a (Figure 2A) via operation of the powerhead 50 will discharge fluid from within a syringe barrel 88a
through a nozzle 89a of the syringe 86a. An appropriate conduit {not shown) will typically be fiuidly interconnected
with the nozzle 89a in any appropriate manner to direct fluid to a desired location (e.g., a patient). Similarly, the
syringe 86h includes plunger or piston 90b that is movably disposed within a syringe barrel 88b. Movement of the
plunger 90b along an axis 100b (Figure 2A) via operation of the powerhead 50 will discharge fluid from within the
syringe barrel 88b through a nozzle 89b of the syringe 86b. An appropriate conduit (not shown) wilk typically be
fluidly interconnected with the nozzle 89b in any appropriate manner to direct fluid to a desired location (e.g., @
patient).

The syringe 86a is interconnected with the powerhead 50 via an intermediate faceplate 102a. This
faceptate 102a includes a cradle 104 that supports at least part of the syringe barrel 88a, and which may
provide/accommodate any additional functionality or combination of functionalities. A mounting 82a is disposed on
and is fixed relative to the powerhead 50 for interfacing with the faceplate 102a. A ram coupler 76 of a ram 74
(Figure 2C), which are each part of a syringe plunger drive assembly or syringe plunger driver 56 (Figure 2C) for
the syringe 864, is positioned in proximity to the faceplate 102a when mounted on the powerhead 50. Defails
regarding the syringe plunger drive assembly 56 will be discussed in more detail below in refation to Figure 2C.
Generally, the ram coupler 76 may be coupled with the syringe plunger 90a of the syringe 86a, and the ram
coupler 76 and ram 74 (Figure 2C) may then be moved relative to the powerhead 50 fo move the syringe plunger
90a along the axis 100a {Figure 2A). It may be such that the ram coupler 76 is engaged with, but not actually
coupled to, the syringe plunger 90a when moving the syringe plunger 80a to discharge fluid through the nozzle 89a
of the syringe 86a.

The faceplate 102a may be moved at least generally within a plane that is orthogonal to the axes 100,
100b (associated with movement of the syringe plungers 90a, 90b, respectively, and illustrated in Figure 2A), both
to mount the faceplate 102a on and remove the faceplate 102a from its mounting 82a on the powerhead 50. The
faceplate 102a may be used to couple the syringe plunger 90a with its corresponding ram coupler 76 on the
powerhead 50. In this regard, the faceplate 102a includes a pair of handles 106a. Generally and with the syringe
86a being initially positioned within the faceplate 102a, the handles 106a may be moved to in turn moveftranslate
the syringe 86a at least generally within a plane that is orthogonal ta the axes 100a, 100b (associated with
movement of the syringe plungers 90a, 90b, respectively, and illustrated in Figure 2A). Moving the handies 106a

to one position movesftranslates the syringe 86a (relative to the faceplate 102a) in an at least generally downward
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direction to couple its syringe plunger 90a with its corresponding ram coupler 76. Moving the handles 106a to
another position moves/transtates the syringe 86a (refative to the faceplate 102a) in an at least generally upward
direction to uncouple its syringe plunger 90a from its corresponding ram coupler 76.

The syringe 86b is interconnected with the powerhead 50 via an intermediate faceplate 102b. A mounting
82h is disposed on and is fixed relative to the powerhead 50 for interfacing with the faceplate 102b. A ram coupler
76 of a ram 74 (Figure 2C), which are each part of a syringe plunger drive assembly 56 for the syringe 86b, is
positioned in proximity to the faceplate 102b when mounted to the powerhead 50. Details regarding the syringe
plunger drive assembly 56 again will be discussed in mare detail below in relation to Figure 2C. Generally, the ram
coupler 76 may be coupled with the syringe plunger 90b of the syringe 86b, and the ram coupler 76 and ram 74
{Figure 2C} may be moved relative to the powerhead 50 to move the syringe plunger 90b along the axis 100b
(Figure 2A). It may be such that the ram coupler 76 is engaged with, but not actually coupled to, the syringe
plunger 90b when moving the syringe plunger 90b to discharge fluid through the nozzle 89b of the syringe 86b.

The faceplate 102b may be moved at least generally within a plane that is orthogonal to the axes 100a,
100b {associated with movement of the syringe plungers 90a, 90b, respectively, and illustrated in Figure 2A), both
to mount the faceplate 102b on and remove the faceplate 102b from its mounting 82b on the powerhead 50. The
faceplate 102b also may be used to couple the syringe plunger 90b with its corresponding ram coupler 76 on the
powerhead 50. In this regard, the facepliate 102b may include a handle 106b. Generally and with the syringe 86b
being initially positioned within the faceplate 102b, the syringe 86b may be rotated along its long axis 100b (Figure
2A) and relative to the faceplate 102b. This rotation may be realized by moving the handle 106b, by grasping and
turning the syringe 86b, or both. In any case, this rotation moves/translates both the syringe 86b and the faceplate
102h at least generally within a plane that is orthogonal to the axes 100a, 100b (associated with movement of the
syringe plungers 90a, 90b, respectively, and illustrated in Figure 2A). Rotating the syringe 86b in one direction
moves/translates the syringe 86b and faceplate 102b in an at least generally downward direction to couple the
syringe plunger 90b with its corresponding ram coupler 76. Rotating the syringe 86b in the opposite direction
moves/translates the syringe 86b and faceplate 102b in an at least generally upward direction to uncouple its
syringe plunger 90b from its corresponding ram coupler 76.

As illustrated in Figure 2B, the syringe piunger 90b includes a plunger body 92 and a syringe plunger
coupler 94, This syringe plunger coupler 94 includes a shaft 98 that extends from the plunger body 92, along with
a head 96 that is spaced from the plunger hody 92. Each of the ram couplers 76 includes a larger slot that is
positioned behind a smaller slot on the face of the ram coupler 76. The head 96 of the syringe plunger coupler 94
may be positioned within the larger slot of the ram coupler 76, and the shaft 98 of the syringe plunger coupler 94
may extend through the smaller slot on the face of the ram coupler 76 when the syringe plunger 90b and its
corresponding ram coupler 76 are in a coupled state or condition. The syringe punger 90a may include a similar
syringe plunger coupler 94 for interfacing with its corresponding ram coupler 76.

The powerhead 50 is utilized to discharge fluid from the syringes 86a, 86b in the case of the power
injector 40. That is, the powerhead 50 provides the motive force to discharge fluid from each of the syringes 86a,
86b. One embodiment of what may be characterized as a syringe plunger drive assembly or syringe plunger driver
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is ilustrated in Figure 2C, is identified by reference numeral 56, and may be utilized by the powerhead 50 to
discharge fluid from each of the syringes 86a, 86b. A separate syringe plunger drive assembly 56 may be
incorporated into the powerhead 50 for each of the syringes 86a, 86b. In this regard and referring back to Figures
2A-B, the powerhead 50 may include hand-operated knobs 80a and 80b for use in separately controlling each of
the syringe plunger drive assemblies 56.

Initially and in relation to the syringe plunger drive assembly 56 of Figure 2C, each of its individual
components may be of any appropriate size, shape, configuration and/or type. The syringe plunger drive
assembly 56 includes a motor 58, which has an output shaft 60. A drive gear 62 is mounted on and rotates with
the output shaft 60 of the motor 58. The drive gear 62 is engaged or is at least engageable with a driven gear 64.
This driven gear 64 is mounted on and rotates with a drive screw or shaft 66. The axis about which the drive
screw 66 rotates is identified by reference numeral 68. One or more bearings 72 appropriately support the drive
screw 66.

A carriage or ram 74 is movably mounted on the drive screw 66. Generally, rotation of the drive screw 66
in one direction axially advances the ram 74 along the drive screw 66 (and thereby along axis 68) in the direction
of the corresponding syringe 86a/b, while rotation of the drive screw 66 in the opposite direction axially advances
the ram 74 along the drive screw 66 (and thereby along axis 68) away from the corresponding syringe 86a/b. In
this regard, the perimeter of at least part of the drive screw 66 includes helical threads 70 that interface with at
least part of the ram 74. The ram 74 is also movably mounted within an appropriate bushing 78 that does not
allow the ram 74 to rotate during a rotation of the drive screw 66. Therefore, the rotation of the drive screw 66
pravides for an axial movement of the ram 74 in a direction determined by the rotational direction of the drive
screw 66.

The ram 74 includes a coupler 76 that that may be detachably coupled with a syringe plunger coupler 94
of the syringe plunger 90a/b of the corresponding syringe 86a/b. When the ram coupler 76 and syringe plunger
coupler 94 are appropriately coupled, the syringe plunger 90a/b moves along with ram 74. Figure 2C illustrates a
configuration where the syringe 86a/b may be moved along its corresponding axis 100a/b without being coupled to
the ram 74. When the syringe 86a/b is moved along its corresponding axis 100a/b such that the head 96 of its
syringe plunger 90a/b is aligned with the ram coupler 76, but with the axes 68 still in the offset configuration of
Figure 2C, the syringe 86a/b may be translated within a plane that is orthogonal to the axis 68 along which the ram
74 moves. This establishes a coupled engagement between the ram coupler 76 and the syringe plunger coupler
96 in the above-noted manner.

The power injectors 10, 40 of Figures 1 and 2A-C each may be used for any appropriate application,
including without limitation for medical imaging applications where fluid is injected into a subject (e.g., a patient).
Representative medical imaging applications for the power injectors 10, 40 include without limitation computed
tomography or CT imaging, magnetic resonance imaging or MR, single photon emission computed fomography or
SPECT imaging, posifron emission tomography or PET imaging, X-ray imaging, angiographic imaging, aptical
imaging, and ulfrasound imaging. The power injectors 10, 40 each could be used alone or in combination with one
or more other components. The power injectors 10, 40 each may be operatively interconnected with one or more
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components, for instance so that information may be conveyed between the power injector 10, 40 and one or more
other components {2.g., scan delay information, injection start signal, injection rate).

Any number of syringes may be utilized by each of the power injectors 10, 40, including without limitation
single-head configurations (for a single syringe) and dual-head configurations (for two syringes). In the case of a
multiple syringe configuration, each power injector 10, 40 may discharge fluid from the various syringes in any
appropriate manner and according to any timing sequence (e.g., sequential discharges from two or more syringes,
simultaneous discharges from two or more syringes, or any combination thereof). Multiple syringes may discharge
into a common conduit (e.g., for provision o a single injection site), or one syringe may discharge into one conduit
{e.g., for provision to one injection site), while another syringe may discharge into a different conduit (e.g., for
provision to a different injection site). Each such syringe utilized by each of the power injectors 10, 40 may include
any appropriate fluid (e.g., a medical fiuid), for instance contrast media, a radiopharmaceutical, saline, and any
combination thereof. Each such syringe utilized by each of the power injectors 10, 40 may be installed in any
appropriate manner (.q., rear-loading configurations may be utilized; front-loading configurations may be utilized;
side-loading configurations may be utilized).

Figure 3 is a perspective view of one embodiment of a powerhead 120 and an inductively coupled injector
faceplate 122. Figure 4 is a block diagram of the powerhead 120 and faceplate 122 operatively interconnected
through a primary coit 128 and a secondary cail 130. Reference should be made to each of Figures 3 and 4 for the
following discussion, as certain components may be shown in Figure 3 but not Figure 4, and vice versa. The term
“faceplate” as used herein may refer to any removable syringe interface member disposed between and
interconnected to the powerhead 120 and a syringe 144. In this regard, the faceplate 122 may he mountable to
the powerhead 120 and the syringe 144 may be mountable to the faceplate 122. The powerhead 120 may be
configured similarly to the powerhead 50 discussed above with reference to Figures 2A through 2C. For example,
the powerhead 120 may include a faceplate mount 124 for mounting the faceplate 122 to the powerhead 120.

The powerhead 120 may also include componentry operable to inductively transfer power to the faceplate
122 when the faceplate 122 is mounted onto the powerhead 120. Data communication between the powerhead
120 and the faceplate 122 may be undertaken using at least some of the components that are also used for the
inductive power transfer. In one embodiment, the powerhead 120 may be operable to inductively transfer up to 10
watts (W) or more of power from the powerhead 120 to the faceplate 122. Such power may be used, for example,
to power a syringe heater 142 of the faceplate 122. The syringe heater 142 may be operable to heat fluid within
the syringe 144 using a minimum power of about 7 W and a typical nominal power of about 10 W. To inductively
transfer the power from the powerhead 120 to the faceplate 122, the powerhead 120 may include the primary coil
128 and the faceplate 122 may include the secondary coil 130. The power to the primary coil 128 may be
controlled using any appropriate technique, such as pulse width modutation,

The primary ¢oil 128 may be disposed such that a magnetic field generated by the primary coil 128, as
electrical current is passed therethrough, intersects with the secondary coit 130 of the faceplate 122 when the
faceplate 122 is attached to the powerhead 120. For example, and as illustrated in Figure 3, the primary coil 128
may be disposed such that it is at the bottom of the downward 134 sliding movement used to mount the faceplate
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122 onto the powerhead 120 using the faceplate mount 124, Correspondingly, the secondary coil 130 of the
faceplate 122 may be disposed toward the bottom of the faceplate 122.

A magnetic core 132 may be disposed such that a first portion of the magnetic core 132 is located within
the interior of the primary coil 128. The second portion of the magnetic core 132 may be disposed such that it is
located within the secondary coit 130 when the faceplate 122 is mounted fo the powerhead 120, In this regard, the
magnetic core 132 may serve to enhance the efficiency of the transfer of power from the primary coil 128 to the
secondary coil 130. As illustrated in Figure 3, the entire magnetic core 132 may be fixedly interconnected to the
powerhead 120.

In an alternate embodiment, the entirety of the magnetic core 132 may be fixedly interconnected to the
faceplate 122. In such an embodiment, the second portion of the magnetic core 132 may be permanently
disposed within the secondary coil 130 and the first portion of the magnetic core 132 may be disposed within the
primary coil 128 upon installation of the faceplate 122 onto the powerhead 120.

In yet another alternate embodiment, the magnetic core 132 may be divided into two or more portions. In
such an embodiment, a first portion of the magnetic core 132 may be permanently disposed within the primary coil
128 {as part of the powerhead 120) and a second portion of the magnetic core 132 may be permanently disposed
within the secondary coil 130 (as part of the faceplate 122). In such an embodiment, upon installation of the
faceplate 122 onto the powerhead 120, both the first and second portions of the magnetic core 132 may together
act as a single magnetic core.

The magnetic core 132 may be shaped in any appropriate manner such as, for example, a straight
cylinder rod, a U-shaped core, an E-shaped core, or a pot core. Furthermore, the magnetic core 132, the primary
coil 128, and the secondary coil 130 may each be placed in any appropriate location such that an inductive
coupling is formed when the faceplate 122 is mounted on the powerhead 120, Whether in a single unitary piece,
or divided into two or more individual pieces, the magnetic core 132 may serve as the magnetic core for a
transformer that includes the primary coil 128, the secondary coil 130, and the magnetic core 132. Such a
transformer may be used, through inductive coupling, to transfer power between the powerhead 120 and the
faceplate 122. Furthermore, and as discussed below, such an inductive coupling may also be used as a
communications link between the powerhead 120 and the faceplate 122 {e.g., for data transfer).

The powerhead 120 may further include a power delivery control module 140 {Figure 4). The power
delivery control module 140 may include electronic circuitry and/or software operable to control the amount of
power delivered to the faceplate 122 through the primary coil 128. The power delivery control module 140 may be
a stand-alone module or it may be incorporated into other portions of the powerhead 120. For example, the power
delivery control module 140 may be incorporated into control circuitry and/or software of the powerhead 120. The
power delivery control mocule 140 may be operable to deliver a variable level of power to the faceplate 122
dependent on current faceplate 122 power requirements. For example, the power requirements of the faceplate
122 may vary as a syringe heater 142 is cycled on and off. Other functions performed by electronic circuitry within

the faceplate 122 may also require power. For example, the faceplate 122 may include a temperature sensor that
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may provide feedback to the powerhead 120 related to the current temperature of fluid within the syringe 144
mounted to the faceplate 122.

The primary coil 128 may be completely sealed within a casing of the powerhead 120, in this regard, the
operation and performance of the primary coil 128 and the power delivery control module 140 may be unaffected
by the presence of fluids. Such fluids may, for example, be due to spills associated with the fluids to be injected
from the syringe 144 mounted to the faceplate 122. The magnetic core 132 may also be sealed within the housing
of the powerhead 120. In this regard, typical problems {e.g., short-circuit, intermittent contact) associated with
electrical connections (e.g. exposed contact points and electrical connectors) being exposed to fluids may be
avoided.

The faceplate 122 may include a syringe mount 126. The syringe mount 126 may be configured fo
receive and hold the syringe 144. The syringe mount 126 may be configured to only hold a particular syringe or
type of syringe. Alternatively, the syringe mount 126 may be configured to hold one or more different types of
syringes.

Tuming to Figure 4, the detachable faceplate 122 may be mounted to the powerhead 120. The
detachable faceplate 122 may be configured similarly to the faceplates 102a/b discussed above. The powerhead
120 includes the ram 74 that may be connected to the syringe 144, that is in turn mounted to the faceplate 122.
The ram 74 may be connectéd to the syringe 144 via, for example, the ram coupler 76 and head 96 shown in
Figure 2B. The powerhead 120 further inciudes the primary coil 128 that may be inductively interconnected
(represented by the dashed line 150) to the secondary coit 130 of the faceplate 122.

To facilitate communications between the powerhead 120 and the faceplate 122, the powerhead 120 may
include a communications module 146. The faceplate 122 may include a corresponding communications module
148. The communications modules 146, 148 may include electronic circuitry and/or software. The
communications modules 146, 148 may be stand-alone modules or they may be incorporated into other
components. For example, the communications module 146 may be incorparated into control circuitry and/or
software of the powerhead 120.

The communications module 148 may, as illustrated in Figure 4, be interconnected to the primary coil 128
and may be operative to communicate with communications module 148 of the faceplate 122 through the inductive
coupling between the primary coil 128 and the secondary coil 130. Such communications may be performed in
conjunction with the delivery of power to the faceplate 122 from the power delivery control module 140 through the
primary coil 128 and the secondary coil 130. Power to operate the communications moduie 148 of the faceplate
122 may be delivered to the faceplate 122 through the inductive coupling between the primary coil 128 and the
secondary coil 130. In this regard, the power injector 40 may be configured without any direct-contact electrical
connection (e.g., cable, conductive pads, wires) between the powerhead 120 and the attached faceplate 122.
Therefore, at least some components (e.g., primary ¢oil 128 and secondary ¢oil 130} may be used for both power
transfer and data transfer.

In an alternate embodiment to that presented in Figure 4, the communications modules 146, 148 may
each be wireless modules operable to communicate with each other without using (except for the deliver of power)
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the primary coil 128 and the secondary coil 130. For example, communications modules 146, 148 may be
Bluetooth (TM) compatible and operable to communicate with each other using the Bluetooth (TM) protocol. The
communications modules 146, 148 may use any other appropriate protocol or combination of protocols (e.q.,
custom protocols, Zigbee, active RFID, Wi-Fi) to communicate therebetween.

The wireless communication capability of the communications modules 146, 148, along with the wireless
transmission of power discussed above, allows the powerhead 120 and facepiate 122 to be sealed. In this regard,
communications between the powerhead 120 and the faceplate 122 may be unaffected by the presence of fluids or
other contaminants disposed on the powerhead 120 and the faceplate 122.

As noted above, the faceplate 122 may include a syringe heater 142. The syringe heater 142 may
receive power from the powerhead 120 through the secondary coil 130. The powerhead 120 and/or the faceplate
122 may include one or more temperature sensors and may be operable to determine the temperature of fluid
disposed within the syringe 144. The fluid temperature may be used to controf the syringe heater 142. The target
temperature for the fluid within the syringe 144 may be user selectable.

The faceplate 122 may include any appropriate device for interfacing and/or communicating with the
syringe 144. For example, the faceplaie 122 may include a syringe reader 152. The syringe reader may be in the
form of an electromagnetic device capable of electromagnetically reading data from and/or writing data to an
appropriate data tag. The syringe reader 152 may, for example, be in the form of an RFID reader operable to read
information from an RFID tag of the syringe 144 and communicate the information to the powerhead via the
communications modules 146, 148. Such an RFID reader may be powered through the inductive coupling
between the primary coil 128 and the secondary coil 130. The RFID tag may contain information regarding the
syringe 144 and/or its contents. The syringe reader 152 may also be operable to write information to the syringe
144 {2.g., to an RFID tag of the syringe 144). In ancther example, the syringe reader 152 may include sensors
operable to sense properties of an installed syringe 144 and/or fluids within an installed syringe 144. Signals
based on outputs from the sensors may be communicated to the powerhead 120 and/or other components of the
power injector 40.

Several exemplary configurations of faceplates 122 and associated syringe heater 142 control schemes
will now be described. In a first configuration, the faceplate 122 includes the secondary coil 130 and the syringe
heater 142, hut lacks any communications capabilities. In such a faceplate 122, the syringe heater 142 may
include a temperature sensor and circuitry such that when the faceplate 122 inductively receives power from the
powerhead 120, the syringe heater 142 is powered and heats the syringe 144 to a pre-sef temperature. Insuch a
configuration, there may be no feedback to the powerhead 120 of the temperature of the syringe 144.

In a second exemplary configuration, the faceplate 122 may include the features of the first configuration,
along with the ability to communicate the current temperature of the syringe 144 and/or fluid within the syringe 144
to the powerhead 120 and/or other components of the power injector 40. In such a configuration, the powerhead
120 may inductively supply power to the faceplate 122 and then wait until the syringe 144 is at an acceptable

temperature before starting an injection or other sequence.
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In a third exemplary configuration, the faceplate 122 may include the features of the first configuration,
along with the ability to receive a temperature set point from the powerhead 120 and/or other components of the
power injector 40, In this regard, the powerhead 120 and/or other components of the power injector 40 may be
operable to control the temperature of fluid within the syringe 144. Such capabilities may accommodate differing
desired temperatures for different fluids and/or patients. Optionally, the faceplate 122 may include the ability to
communicate the current temperature of the syringe 144 andfor fluid within the syringe 144 to the powerhead 120
and/or other components of the power injector 40 as in the second exemplary configuration.

in a fourth exemplary configuration, the powerhead 120 may be operable to determine the temperature of
the syringe 144 and/or fluids within the syringe 144 independently from power inductively supplied to the faceplate
122 via the primary coil 128. In such a configuration, the faceplate 122 may be configured such that any power
inductively delivered to the faceplate 122 is directed to the syringe heater 142, Accordingly, the powerhead 120
may control the temperature of the syringe 144 by controlling the amount of power inductively delivered to the
faceplate 122.

Where appropriate, any of the above-described exemplary syringe heater 142 controt configurations may
be cambined with any other faceplate 122 functions described herein. Moreover, the other faceplate 122 functians
described herein may be present on faceplates 122 that do not include a syringe heater 142.

The foregoing description of the present invention has been presented for purposes of illustration and
description. Furthermore, the description is not intended to limit the invention to the form disclosed herein.
Consequently, variations and modifications commensurate with the above teachings, and skill and knowledge of
the relevant art, are within the scope of the present invention. The embodiments described hereinabove are
further intended to explain best modes known of practicing the invention and to enable others skitled in the art to
utilize the invention in such, or other embodiments and with various modifications required by the particular
application(s) or use(s) of the present invention. [t is intended that the appended claims be construed to include

alternative embodiments fo the extent permitted by the prior art.
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What is claimed:
1. A power injector comprising:
a powerhead, wherein said powerhead comprises a first coil; and
a detachable faceplate interconnected {o said powerhead, wherein said faceplate comprises a second
coil, wherein said faceplate comprises a syringe mount, wherein when said faceplate is attached to said
powerhead, said first coil and said second coil are positioned relative fo each other such that said first coil and said
second coil are inductively coupled.

2. The power injector of claim 1, wherein said faceplate is free from a direct electrically
conductive interconnection to said powerhead.

3. The power injector of any one of claims 1 and 2, further comprising a primary
ferromagnetic core fixedly interconnected to said powerhead and operatively disposed proximate to said first coil.

4, The power injector of any one of claims 1 through 3, further comprising a secondary
ferromagnetic core fixedly interconnected to said faceplate and operatively disposed proximate to said second cail,
wherein when said faceplate is attached to said powerhead, said primary ferromagnetic core and said secondary
ferromagnetic core are disposed such that together they form a ferramagnetic core of a transformer that comprises
said first coil and said second coil.

5. The power injector of any one of claims 1 through 3, wherein when said faceplate is
attached to said powerhead, said primary ferromagnetic core is a ferromagnetic core of a transformer with said first
coil and said second coil.

8. The power injector of any one of claims 1 through 5, wherein said first coil is operable to
transfer electrical power to said faceplate. |

7. The power injector of any one of claims 1 through 6, wherein said powerhead is
operable to deliver at least 7 watts of power to said faceplate through said first and second coils.

8. The power injector of any one of claims 1 through 7, wherein said powerhead further
comprises a power delivery control module operable to regulate power delivery through said first coil to said
faceplate.

9. The power injector of any one of claims 1 through 8, wherein said powerhead further
comprises a wireless communications module operable to broadcast and receive data wirelessly, wherein said
wireless communications module is operable fo broadcast and receive data wirelessly through said first coil.

10. The power injector of any one of claims 1 through 8, wherein said powerhead further
comprises a wireless communications module operable to broadcast and receive data wirelessly.

1. The power injector of any one of ¢laims 1 through 10, wherein said faceplate comprises
an RFID reader.

12. The power injector of any one of claims 1 through 11, wherein said faceplate comprises
a syringe heater.

13. The power injector of any ane of claims 1 through 12, wherein said faceplate comprises

a read device operable to read data from a syringe attached to said faceplate.
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14. The power injector of any one of claims 1 through 13, wherein said faceplate comprises
a read/write device operable to read data from and write data to a syringe installed on said syringe mount.

15. The power injector of any one of claims 1 through 14, wherein said faceplate comprises
a faceplate wireless communications module,

wherein said faceplate wireless communications module is operable to broadcast and receive data
wirelessly through said second coil.

16. The power injectar of any one of cfaims 1 through 15, wherein said faceplate is
operable to wirelessly communicate with said powerhead.

17. The power injector of any one of claims 1 through 16, wherein said faceplate is
powered through inductive coupling.

18. A powerhead of a power injector, said powerhead comprising:

aram,;

a faceplate mounting; and

a first coil, wherein a first volume is defined as a volume that is occupied by a faceplate when said
faceplate is mounted to said faceplate mounting, wherein said first coil is disposed such that an electrical field
formed when current passes through said first coil penetrates said first volume.

19. The powerhead of claim 18 further comprising a wireless communications module
operable to broadcast and receive data wirelessly.

20 The powerhead of claim 19, wherein said wireless communications module is operable
to broadcast and receive data wirelessly through said first coil.

21. The powerhead of any one of claims 18 through 20, further comprising a power delivery
control module operable to control inductive power delivery through said first coil.

22. The powerhead of any one of claims 18 through 21, further comprising a ferromagnetic
core, wherein said ferromagnetic core comprises a first portion disposed within said first coil and a second portion
disposed within said first volume.

23. A power injector comprising:

a powerhead comprising a ram and a first coil;

a syringe,

a second coit disposed outside of said powerhead, wherein said second coil is inductively coupled fo said
first coil; and

a power delivery control module disposed within said powerhead and operable to regulate power delivery
from said first coil to said second coil, wherein said power delivery control module is operable to deliver at least 7
watts of power to said second coil.

24. The power injector of claim 23, further comprising a syringe heater electrically
connected to said second coil.

25, The power injector of any one claims 23 through 24, wherein said powerhead further

comprises a wireless communications madule operable to broadcast and receive data wirelessly.
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26. The power injector of claim 25, wherein said wireless communications module is

operable to broadcast and receive data wirelessly through said first and second coils.
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