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SYRINGE MOUNT FOR A MEDICAL FLUID INJECTOR

ABSTRACT

In certain embodiments, a syringe mount (12) of the invention may include a
plate (92), an actuator (56), and one or more movable members (62, 64) located between
the plate (92) and the actuator (56). Each of the plate (92) and the actuator (56) may have
an orifice defined therein, and an imaginary reference axis of the syringe mount (12) may
extend through one or both of these orifices. The actuator (56) may be movable relative
to the plate (92) in a direction substantially perpendicular to the reference axis. Further,
the moveable member(s) (62, 64) may be designed to move (e.g., pivot) toward the
reference axis due to movement of the actuator (56) from a first position to a second
position and to move (e.g., pivot) away from the reference axis due to movement of the

actuator (56) from the second position to the first position.
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SYRINGE MOUNT FOR A MEDICAL FLUID INJECTOR

FIELD OF INVENTION
[00C1]  The prasent invention generally reiates to injectors for injecting fluid into animal
subjects, including humans, and particularly relates to syringe mounts used io operatively

connect a syringe {o.an injector.

BEACKGROUND _
[6002] During many medical procedures, varlous fluids are iniected into patients for
purposes of diagnosis or treatment. An example of one such fluid is contrast media used to
enhance angiography, magnetic resonance imaging, or ccmputerized tomography i.rn-ag,in'g.
Such fluids may aiso be used in other modalities, such as intravenous pyelogram (IVP) and
cardiology. The injectors used in these procedures are often automated devices. that expel
fluid from a syringe, through a tube, and inio a patient.

[0803] Injectors suitable for these applications generally utilize relatively large volume
syringes and tend 10 be capable of producing relatively large flow rates and injection
pressures: For lhese reasons, injectors for such applications typically inciude large, high
mass. injection.motora and drive trains. The motor.and drive train of an injectcr are typically
housed i an injection head, which is supported by a floor, wall, or & ceiling mounted arm. in
order to performy an injection procedure using one cf these [nlectors, a syringe may be
operatively connected to an injector (e.g, via a face plate thereof), and a drive rar of the
injector may then be rmoved {6 expel fluid from the syringe. Thergaitar, the drive ram may be
retracted, and the-used syringe may then be disconnected from the injector.

[6003A) The discussion of documents, acts, materiais, devices, arilcles and the like is
included in this specification solely for the purpose of providing a context for the present
invention. It is not suggested or represantad that any or all of these matters fermed part of
the prior art base or were commen general knowledge in the field relevant to the present
invention as it existed hefore the priority date of each claim af this appiication.

[GOO3B] Where the terms “"comprise", "comprises”, "comprised” or "comprising” are used in
this specification (including the claims) they are to be interpreted as specifying the presence
of the stated faatures, integers, steps or componenits, but not preciuding the presence of one
or more other features, integers, steps ¢r components, or group thereof.

SUMMARY ,
[0004] The present invention relates to a syringe mount that mey be utiized to assist in
enabling @ user to mount a syringe on.a medical fiuid injector (2.¢., in preparation for a

1
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medical imaging procedure) and to enable a user 10 subsequently remove the syringe from
the injector (e.g., upon completion of a medical imaging procedure). Certain exsmplaty
aspects of the invention are set forth beiow. it should be understood that these aspects are
presented merely to provide the reader with a brief summary of certzin 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 features and aspects that may not be set forth
betow. ’
[0005) A first aspect of the invention is directed to a syringe mount for connecting a syringe to
a medical fluid injector, the syringe mount: comprising:

a housing that compriges a first orifice that extends te-an interior cavity of the housing,;

an actuator that extends through the interior cavity and that comprises a wali mernber
having 2 distally facing wall surface and a. aroximally facing wall surface, the wall member
having a second orifice that extends between the distaily facing wall surface and the
proxinmally tacing wal! surface, wherein tha second orifice is defined by a closed perimeter,
wherein a reference axis of the syringe mount extends through-both of the first and secend
orifices, and wherein the actuator is movable within a dimension that is substantially
perpendicuiar to the reference axis; | ,

& first movable.member operatively coupled ta the actuator and confronting the distally
fac'i-ng wal! surface of the actuator; and

a second movable member ‘cperatively coupled to the actuator and confronting the
distally facing wall surface of the actuator, wherein movement of actuator relative to the
housing in a first direction causes movement of the first and second rmovabie members
toward one another, and wherain movement of the actuator relative to the housing in a
second directicr causes movement of thé first and sécond movable members away from one
anothar. As used herein, components that are "operatively coupled" may be: directly coupled
to ¢ne another orindirectly coupied to one anoth'er.,,,} miay be integral with cne.another, or may
be separate compenents. |
[0006] A second aspect of the invention.is also directed to a syringe mount for connecting
a syringe 1o a medical fldid injector. The syringe mount of this second aspéct includes a
structure (e.g., a plate; a housing, or other structure of the syringe mount), an actuator,.and at
least one movable member located between the structure and the actuastcr. Each of the
structure and the actuator has an crifice defined theigin, and an inmaginary referénce axis of
the syringe mount extends through bnth of these orifices. The- actuator is movable relative to
the structure in a direction substantially perpendicular fc the reference axis. Furthar, the
moveable member(s) is(are) designed to move (e.g., pivot) toward the reference axis due-to
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movement of the actuator from a first position to a second position -and to move {e.g., pivot)
away from (he reference axis due to mevement cf the actuater from the second position te the
first position.
[0007] Yet a third aspesct of the invention is directed to a-method of using a syringe mount of
a medical fluid injector, the medical fiuid injector comprising a drive ram having a longitudinal
axis, the method comprising:

moving a syringe through an aperture of the syringe mount and intc an interior cavity
of the syringe mount to insert:the syringe into a separate orifice defineg in a first. camponant
of the syringe mount, wherein the moving of the syringe is along a path that is parallel to the
longitudinal axis of the drive ram; v

meving the first component in a first direction substantially perpendicular to a
longitudinal axis of the syringe to mova the longitudinal axis of the syringe towards the
longitudinal axis of the drive ram, wherein the syringe is located within the crifice of the first
component during the moving of the tirst compenamnt; and

the moving of the first compenent causing movement of a second: compenent of the
gyringe mourt toward the longitudinal axis of the syringe. '
[00C8]  Still a fourth aspect of the invention is directed fo a method of using a syringe
mount cf a medical fluid injector(e.g., to rerﬁove a syringe from an injector upon.completion of
an injecticr precedure). In this methed, a first compenent (e.g., an actuator) of the syringe
mount is moved in 8 direction substantially perpendicular to a longitudinal axis of @ syringe
while the syringe is tocated within an orifica defined in the first component of the syringe
mount. A second component (e.g.; a movable member) of the syringe mount is moved away
fream ths syringe, and the syringe is remcved from the syringe mount after the first and
second camponents of the syringe rmount have been moved.
[00C8]  Various refinements exist of the features noted above in relation to the various
aspects of the prasent invention. Fuither features may 2isc. be incorporated in these various _ ‘
aspects as well These refinements and additionai features may exist individually or in any
combination. For instance,.various features discusaed below in relation to one or more of the
illustrated embodiments may. be incorporated into any of the akove-described aspeets of the
present invantion alcne orin-any coembination. Again, the brisf summary presented above is
intended only to familigrize the readsr with .cartain aspects and contexts of the present
invention without limitation to the claimed eubject matter. |

BRIEF DESCRIPTIGN OF THE FIGURES
[6010] Fig. 1 is a perspective view of 8n injector head of an injector, having 2 syringe
attached to a forward area thereof.

2a
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[0G11] Fig. 2A is an exploded view of ane exemplary smbodinient of a syringe mount.
[0612] Fig. 2B is a perspective view of the syringe mount of Fig. 2A in an assembled
condition. '

[0613] Fig. 3A is a cutaway viéw of the syringe mount-of Fig. 28, particutarly showing an
mm%ﬁ&mawmmémmm; | : :

[0G14] Fig. 3B is a cross-sectional view, taken along ling 3B-3B of F?ig.. 3A.

b
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[0015] Fig. 4A is a cutaway view of syringe mount of Fig. 2B, particularly showing first and second
movable members of the syringe mount in an open position.

[0016] Fig. 4B is a cross-sectional view, taken along line 4B-4B of Fig. 4A, and also shows a coupling
mechanism of a syringe plunger positioned in proximity to a plunger coupling element of a drive ram.
[0017] Fig. 5A is a cutaway view of the syringe mount of Fig. 2B, particularly showing the first and
second movable members in a closed position and engaging a syringe.

[0018] Fig. 5B is a cross-sectional view, taken along line 5B-5B of Fig. 5A, and also shows the
coupling mechanism on the backside of the syringe plunger engaged with the plunger coupling element
of the drive ram.

[0019] Fig 6 is a perspective view of a face plate of an injector in accordance with the principles of the
present invention.

[0020] Fig. 7 is a front view of the face plate of Fig. 6.

[0021] Fig. 8 is a rear view of the face plate of Fig. 6.

[0022] Fig. 9 is a side view of the face plate of Fig. 6.

[0023] Fig. 10 is a side view of the face plate of Fig. 6 taken from the opposite side from that shown in
Fig. 9.

[0024] Fig. 11 is a top view of the face plate of Fig. 6.

[0025] Fig. 12 is a bottom view of the face plate of Fig. 6.

[0026] Fig 13 is a perspective view of a face plate of an injector in accordance with the principles of
the present invention.

[0027] Fig. 14 is a front view of the face plate of Fig. 13.

[0028] Fig. 15 is a rear view of the face plate of Fig. 13.

[0029] Fig. 16 is a side view of the face plate of Fig. 13.

[0030] Fig. 17 is a side view of the face plate of Fig. 13 taken from the opposite side from that shown
in Fig. 9.

[0031] Fig. 18 is a top view of the face plate of Fig. 13.

[0032] Fig. 19 is a bottom view of the face plate of Fig. 13.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0033] One or more specific embodiments of the present invention will be described below. In an
effort to provide a concise description of these embodiments, all features of an actual implementation
may not be described in the specification. It should be appreciated that in the development of any such
actual implementation, as in any engineering or design project, numerous implementation-specific
decisions must be made to achieve the developers' specific goals, such as compliance with system-
related and business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be complex and time-
consuming, but would nevertheless be a routine undertaking of design, fabrication, and manufacture for
those of ordinary skill having the benefit of this disclosure.

[0034] Referring to the Figures, an injector 10 includes a syringe mount 12 to facilitate attachment of a
syringe 14 to the injector 10 in alignment with a drive ram 16, in order to provide an injection assembly.

The syringe 14 for use with the injector 10 generally includes a body 18 (which may be in the form of an
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exterior cylindrical barrel), which at its forward end 20, is integral with a conical front wall 22. A neck
24, terminating in a discharge tip 26, generally extends forwardly from and may be integral with the
conical front wall 22. The body 18 of the syringe 14 may interface with an interior wall of a pressure
jacket (not shown) or a cradle 30 when such a pressure jacket or cradle 30 is present on the injector 10.
The syringe 14, as used in conjunction with the injector 10 of the present invention, includes a syringe
mating section 32, which may be in the form of a radially outwardly extending flange 34. This flange 34
is positioned in a plane substantially perpendicular to a longitudinal axis 36 of the syringe 14 and may
generally be integral with the rearward end 38 of the body 18 of the syringe 14. When the syringe 14 is
associated with the injector 10, the flange 34 is positioned into and/or in contact with the syringe mount
12 located on the forward end 40 of a housing 42 of the injector 10. The syringe mating section 32 and
syringe mount 12 may be utilized to facilitate operative connection of the syringe 14 to the injector 10,
as will be described in greater detail below.

[0035] The discharge tip 26 of the syringe 14 has an orifice 44 defined in its remote end, which may
communicate with an internal syringe cavity 46 defined within the neck 24, the conical front wall 22, and
the body 18 of the syringe 14. A rearward end 48 of the cavity 46 may be defined by a generally
forward facing surface 50 of a syringe plunger 52. In the illustrated embodiment, this forward facing
surface 50 is substantially conical. The surface 50 may be of a slope that conforms to the slope of the
interior of the conical front wall 22. The syringe plunger 52 may be snugly slidable within the body 18 of
the syringe 14 such that the cavity 46 is of variable volume. Tubing (not shown) may be operatively
connected to the discharge tip 26 such that fluid can be expressed from the syringe 14 through the
tubing.

[0036] Referring now to Figs. 1, 4B, and 5B, the syringe plunger 52 can be seen more clearly within
the body 18 of the syringe 14. When the syringe 14 is attached to the injector 10, the syringe plunger
52 is preferably located proximal to and in substantial alignment with the drive ram 16 of the injector 10.
The drive ram 16 is driven by a motor (not shown) to move in a forward or rearward motion along its
longitudinal axis 54 to deploy the drive ram 16, and thus to responsively deploy the syringe plunger 52
in a forward or rearward motion along the longitudinal axis 36 of the syringe 14, to inject fluid into a
patient or to fill the syringe 14 with fluid, respectively. For example, one may load a prefilled syringe
into the injector 10 and, by deploying the plunger 52 in a forward direction, may thereby expel fluid from
the syringe 14. In so doing, the fluid may be injected into the patient. Alternatively, an empty syringe
may be loaded into the injector 10 while the syringe plunger 52 may be located at or near its forward-
most position. Thereafter, fluid (e.g., contrast media) may be loaded into the syringe 14 by operatively
connecting the syringe 14 to a source of fluid and retracting the syringe plunger 52 in a rearward
direction in order to draw fluid into the syringe 14.

[0037] The injector 10 may be designed to accommodate prefilled syringes or empty syringes of
varying volumes. For example, the injector 10 may be adapted to receive 125 ml prefilled syringes
(e.g., Ultrajeci" syringe commercially available from Mallinckrodt Inc. of St. Louis, Missouri). Such
syringes may be used for injecting contrast media into a patient. These 125 ml syringes may be
prefilled with any of a range of appropriate amounts of fluid, such as 50 ml, 75 ml, 100 ml, 125 ml, or
other amount. Additionally, the injector 10 may accommodate an empty syringe of any of a variety of
sizes (e.g., 50 ml, 75 ml, 100 ml, 125 ml, 130 ml, etc.).
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[0038] Referring now to Figs. 2A-5B, one embodiment of a syringe mount 12 is shown. The syringe
mount 12 includes a movable actuator 56 including a wall member 58 defining an orifice 60, and at
least a first movable member 62 operatively coupled to the actuator 56 and responsively movable
therewith. More specifically, the syringe mount 12 of the illustrated embodiment includes first and
second movable members 62, 64 that are operatively coupled to the wall member 58 of the actuator 56.
The first and second movable members 62, 64 include first and second pins 66, 68 operatively
connected thereto. The first pin 66 is operatively coupled near a first end 70 of the first movable
member 62, and the second pin 68 is operatively coupled near a first end 72 of the second movable
member 64. The first and second pins 66, 68 are received in at least one slot 74 defined in the wall
member 58 of the actuator 56, to couple the first and second movable members 62, 64 thereto. The
actuator 56 is disposed proximally of the first and second movable members 62, 64. Further, the first
and second members 62, 64 may include first and second rods 67, 69 projecting rearwardly therefrom.
These first and second rods 67, 69 may confront and move along the outer contour of the wall member
58 of the actuator 56, as the first and second movable members 62, 64 move between open and closd
positions.

[0039] The slot 74 is defined by the wall member 58 of the actuator 56 at a base portion 76 thereof.
The first and second pins 66, 68 are movable (e.g., slidable and optionally rotatable) within the slot 74.
Each of the first and second pins 66, 68 can move from a position proximal to the center 78 of the slot
74, to positions near first and second terminal ends 80, 82 of the slot 74. The first and second pins 66,
68 do not both move on one side of the slot 74. Rather, the first pin 66 is adapted to move within one
portion of the slot 74, and the second pin 68 is adapted to move within another portion of the slot 74. In
particular, in the illustrated embodiment, a base portion 76 of the wall member 58 includes an opening
84 having a top portion thereof in a shape at least generally similar to a "V." The first and second pins
66, 68 are disposed in the “V" portion of this opening 84. When the first and second pins 66, 68 are
positioned near the intersection of the two legs of the “V," the first and second movable members 62,
64 are in an open position (see Fig. 4A). When the first and second pins 66, 68 are positioned near the
first and second terminal ends 80, 82 of the “V," the first and second movable members 62, 64 are in a
closed position (see Fig. 5A). While the slot 74 of the illustrated embodiment is shown and described
here as generally having a "V" shape, it will be recognized by those skilled in the art that such a "V"
shape is not necessary, and any other shape can be used that allows the first and second movable
members 62, 64 to move sufficiently within a slot to operatively connect a syringe to an injector 10. For
example, the slot 74 may have a "U" or "C" shape. Further, those skilled in the art will recognize that
more than one slot may be used. For example, two slots forming a “V” shape proximal to the base 76
of the wall member 58 can receive the first and second pins 66, 68 near the point of the "V." Again,
those skilled in the art will recognize that the slots do not necessarily have to be in the shape of a °V."
[0040] As can be seen from Figs. 2A-5B, the actuator 56 and the first and second movable members
62, 64 of the syringe mount 12 are held within a face plate 86 of the housing 42 of the injector 10
(additional views of the face plate may be seen in Figs. 6-12). Referring particularly to Fig. 2A, the face
plate 86 includes a proximal wall portion 88, a distal wall portion 90, a cradle 30 extending distally from
the distal wall portion 90, and a coupling plate 92. The first and second movable members 62, 64 are
located between the coupling plate 92 and the wall member 58 of the actuator 56, and all three
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components are then contained within an interior cavity 94 of the face plate 86, formed between the
proximal wall portion 88 and distal wall portion 90. The actuator 56 and the first and second movable
members 62, 64 are movable within the interior cavity 94. The coupling plate is preferably substantially
immobile relative to the proximal and distal wall portions of the face plate 86, as it is preferably fixed to
at least one of the proximal and distal wall portions 88, 90. In the illustrated embodiment, this fixing
occurs through the use of screws 96, which extend through orifices 97 in a rear plate 99, orifices 98 in
the proximal wall portion 88, orifices 100 in the coupling plate 92, and are received in orifices (not
shown) in the distal wall portion 90.

[0041] The coupling plate 92 includes first and second pivoting shafts 101, 103 projecting from a
proximal surface 105 thereof. These first and second pivoting shafts 101, 103 are received in first and
second shaft openings 107, 109 defined in the first and second movable members 62, 64, respectively.
As such, the first and second movable members 62, 64 are able to exhibit a pivoting motion about the
corresponding first and second pivot shafts 101, 103. Stated another way, the first and second
movable members 62, 64 are coupled with corresponding the first and second pivoting shafts 101, 103
in a manner such that the movable members 62, 64 can pivot thereabout. The first and second pivoting
shafts 101, 103 thus may be said to provide pivot points for the first and second movable members 62,
64.

[0042] To initiate loading of the syringe 14 into the syringe mount 12, the flange 34 at the rearward
end 38 of the syringe 14 may be passed through an aperture in each of the distal wall portion 90 of the

syringe mount 12 and the coupling plate 92 and may be received into the orifice 60 defined in the
actuator 56. While the rearward end 38 of the syringe 14 is located in the orifice 60, the syringe 14 may
be moved in a first direction substantially perpendicular to the longitudinal axis 54 of the drive ram 16 of
the injector 10. Herein, this direction will be referred to as a “downward"® direction (as the motion is
down relative to the injector 10). Howaver, it will be recognized by those skilled in the art that the
motion does not have to be "downward," but that the components of the syringe mount 12 can be

configured such that motion in other directions can effect appropriate engagement of the syringe 14
(including, but not limited to, “upward® movement, “side-to-side® movement, or any other appropriate,
substantially perpendicular movement such that the longitudinal axis 36 of the syringe 14 is moved into
a substantially coaxial relationship with the longitudinal axis 54 of the drive ram 16). This downward
motion, in turn, responsively moves the actuator 56 in the downward direction. The motion of the
actuator 56 in the downward direction causes each of the first and second pins 66, 68 to move to the
corresponding first and second ends 80, 82 of the slot 74 defined in the base portion 76 of the wall
member 58. This movement of the pins 66, 68 occurs because the first and second movable members
62, 64 cannot move in the downward direction due to the first and second pivoting shafts 101, 103 of
the fixed coupling plate 92 being located within the first and second shaft openings 107, 109 of the first
and second movable members 62, 64. Thus, as the actuator 56 moves in the downward direction, the
first and second pins 66, 68 move within the slot 74 to the first and second terminal ends 80, 82 thereof.
Because the first and second movable members 62, 64 cannot move downwardly, they instead pivot
about the pivot points provided by the first and second pivoting shafts 101, 103. In other words, the first
and second movable members 62, 64 rotate about the corresponding first and second pivoting shafts
101, 103 at the respective first and second shaft openings 107, 109. As such, the first and second
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movable members 62, 64 pivot to engage (e.g., substantially, circumferentially envelop) the rearward
end 38 of the syringe 14 (see Fig 5A). Since the flange 34 of the syringe 14 is located within the
actuator 56 during this pivoting movement of the movable members 62, 64,, the first and second
movable members 62, 64 engage the body 18 of the syringe 14 (rather than the flange 34). In
embodiments where the movable members 62, 64 are designed such that this engagement with the
body 18 of the syringe 14 may be characterized as a substantial enveloping of the body 18, it may be
said that this type of engagement allows for greater coverage of the syringe 14 than found in prior
syringe mounts, and thus, potentially allows the syringe 14 to withstand greater injection pressures.
[0043] In the illustrated embodiment, the first and second movable members 62, 64 are opposite one
another and are positioned about the longitudinal axis 54 of the drive ram 16. Further, the first and
second movable members 62, 64 each have an arcuate face 102, 104. These arcuate faces 102, 104
are shown as being diametrically opposite one another and located exterior to the body 18 of the
syringe 14. When the syringe 14 is properly engaged with the syringe mount 12 of the injector 10, the
first and second movable members 62, 64 of the syringe mount 12 are in contact with the side surface
of the exterior body 18 of the syringe 14 to hold the syringe 14 in place and in alignment with the drive
ram 16 of the injector 10.

[0044] In some embodiments, the arcuate faces 102, 104 of the movable members 62, 64 may bear
one or more types of engagement enhancing features (e.g., grooves, bumps, indentations, ridges,
teeth, combinations thereof, and the like) to improve the ability of the movable members 62, 64 to grip
and/or hold the syringe 14. In some embodiments, a grip enhancing coating (e.g., Santoprene®
elastomer) may be applied to the arcuate faces 102, 104 of the movable members 62, 64 to facilitate
gripping/holding of the syringe 14.

[0045] The pivotal movement of the first and second movable members 62, 64 alters the distance
between the arcuate faces 102, 104 as they pivot toward and away from one another. In the illustrated
embodiment, the first and second movable members 62, 64 are each movable. In some embodiments,
it is possible to use a single movable member disposed in spaced relation to an immobile member (e.g.,
arcuate stop or abutment) toward which the single movable member may be moved.

[0046] In some embodiments, first and second movable members 62, 64 are not necessary for
appropriate syringe engaging function. In such embodiments, a single gripping member may be used
to engage the syringe 14, thereby operatively connecting the syringe 14 to the injector 10. In such
embodiments, the single movable member should cover enough of the circumference of the syringe 14,
when in contact with the body 18, to hold the syringe 14 against the injector 10. In such embodiments,
each arm extending from a center point of the movable member may have a degree of elasticity such
that the arms may splay outwardly and inwardly to allow for insertion and/or removal of the syringe 14.
[0047] The wall member 58 of the actuator 56 is shown as having a peripheral side surface 110 that
includes a first undulating contour 106 and a second undulating contour 108. As shown, the second
undulating contour 108 is positioned substantially opposite the first undulating contour 106. Each of
these first and second undulating contours 106, 108 includes a first valley 112, a second valley 114,
and a ridge 116 disposed therebetween. When positioned within the syringe mount 12 of the injector
10, these first and second undulating contours 106, 108 are confronted by first and second projections
118, 120 (see Figs. 2A and 5A), which are adapted to ride along the surface of the first and second
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undulating contours 106, 108 as the actuator 56 is moved between the first and second positions. In
the illustrated embodiment, the first and second projections 118, 120 are coupled to the proximal wall
portion 88 of the face plate 86, and are spring-biased in a direction toward each of the first and second
undulating contours 106, 108. The interaction of the first and second detents 118, 120 and first and
second undulating contours 106, 108 assist in maintaining the actuator 56 in either the first or second
position until a user desires to move the actuator 56 to either load or unload the syringe 14. In some
embodiments, the first and second pins 66, 68 may include bias springs associated with each of the
first and second movable members 62, 64. In such embodiments, one end of each of the bias springs
may be in contact with its respectively associated movable member, and the opposite end of each bias
spring may seat or bear against portions of the housing 42 (or face plate 86) of the injector 10. In some
embodiments, at least a portion of these bias springs may be disposed about the pins 66, 68, which
form the pivot axes of the first and second movable members 62, 64.

[0048] To load a syringe 14 into the injector 10, the syringe 14 is positioned relative to the wall
member 58 of the actuator 56 such that the flange 34 at the rearward end 38 of the syringe 14 is
received within the orifice 60 of the wall member 58 such that at least one contact point 122 on the
periphery of the flange 34 contacts or can be brought into contact with a peripheral surface 124 defining
the orifice 60. More specifically, the flange 34, in certain embodiments, may be received by a recess
125 in the actuator 56. The actuator 56 is shown in Fig. 4A as being in the first position, such that the
first and second movable members 62, 64 are in the open position. Also in this first position, the first
and second projections 118, 120 are in contact with the first valleys 112 of the corresponding first and
second undulating contours 106, 108. The force of the spring bias of the first and second projections
118, 120 at least assists in preventing the wall member 58 of the actuator 56 from moving unassisted to
the second position. Further, the drive ram 16 of the injector 10 is preferably positioned such that a
plunger coupling mechanism 126 is aligned with a coupling mechanism 128 extending from a rearward
face of the syringe plunger 52 (see Fig. 4B).

[0049] A user then applies a force to the syringe 14 in a direction substantially perpendicular to, and
towards, the longitudinal axis 54 of the drive ram 16. The flange 34 of the syringe 14, contacting the
peripheral surface 124 of the wall member 58, is utilized to force the wall member 58 of the actuator 56
to responsively move in a direction substantially perpendicular to the longitudinal axis 54 of the drive
ram 16. Enough force is applied to overcome the spring-bias of the first and second projections 118,
120, such that the actuator 56 moves from the first position to the second position. As this occurs, the
first and second projections 118, 120 ride along the first and second undulating contours 106, 108 from
the first valleys 112, along the ridges 116, and into the second valleys 114. The first and second
projections 118, 120 may then be utilized to at least assist in maintaining the wall member 58 in the
second position shown in Fig. 5A.

[0050] The movement of the wall member 58 from the first position to the second position
cooperatively moves the slot 74 of the wall member 58 in a direction substantially perpendicular to the
longitudinal axis 54 of the drive ram. And thus, the slot 74 moves relative to the first and second pins
66, 68, thereby causing the first and second pins 66, 68 to move relative to and within the slot 74. More
specifically, in the illustrated embodiment, the first and second pins 66, 68 move within the V-shaped
slot from a position proximal to the point of the °V," to positions proximal to the terminal ends of each
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leg of the "V*® (from the position shown in Fig. 4A, to the position shown in Fig. 5A). This movement
causes a responsive pivotal movement of the first and second movable members 62, 64 from the open
position to the closed position such that the rearward end 38 of the syringe 14 is engaged by the first
and second movable members 62, 64. In particular, as the actuator 56 moves in the downward
direction, the first and second pins 66, 68 move within the slot 74 to the first and second terminal ends
80, 82 thereof. Because the first and second movable members 62, 64 cannot move downwardly, they
instead pivot about the pivot points provided by the first and second pivoting shafts 101, 103. In other
words, the first and second movable members 62, 64 rotate about the first and second pivoting shafts
101, 103 at the first and second shaft openings 107, 109, respectively.

[0051] As the wall member 58 is moved from the first position to the second position, and the syringe
14 moves with the wall member 58 from a position not engaged by the movable members 62, 64 to a
position engaged by the movable members 62, 64, the coupling mechanism 128 at the rearward end 38
of the syringe plunger 52 moves from a position not engaged with the plunger coupling mechanism 126
of the drive ram 16 to a position engaged with the plunger coupling mechanism 126 of the drive ram 16.
In the illustrated embodiment (see Figs. 4B and 5B), when the flange 34 of the syringe 14 is aligned
with the orifice 60 defined by the wall member 58, the syringe plunger 52 within the syringe 14 is
preferably positioned such that the coupling mechanism 128 on the rearward face of the syringe
plunger 52 is aligned with the plunger coupling mechanism 126 of the drive ram 16. The coupling
mechanism 128 of the illustrated syringe plunger 52 is a projection 128 extending from the rearward
face of the syringe plunger 52. This projection 128 may be characterized as exhibiting a °T® shape
having a stem portion 130 (parallel to the longitudinal axis 36 of the syringe 14) topped by a cap portion
132 (transverse to the longitudinal axis of the syringe 14). As the wall member 58 is moved from the
first position to the second position, the cap portion 132 of the coupling mechanism 128 may be
received by the plunger coupling mechanism 126, which in the illustrated embodiment, is a slot 134
formed in the forward end of the drive ram 16.

[0052] A slot 134 is defined in the forward end of the drive ram 16 in a shape to receive the coupling
mechanism 128 of the syringe 14, and particularly the cap portion 132 thereof. A cross-section of the
plunger coupling element 126 is shown as exhibiting a J-shape (having a slot within a hook portion of
the "J" configured to receive the cap portion 132), such that when the syringe plunger 52 is engaged
with the drive ram 16, the distal end 136 of the "J" shape is positioned distally of a part of the cap
portion 132 of the coupling mechanism 128. Thus, when the syringe 14 is initially inserted into the
actuator 56 (in the first position), the cap portion 132 of the coupling mechanism 128 is “above” the
plunger coupling element 126 of the drive ram 16. However, as the actuator 56 is moved to the second
position, the cap portion 132 of the coupling mechanism 128 is moved to be positioned proximally of the
distal end 136 of the plunger coupling mechanism 126 of the drive ram 16. Once engaged, an injection
procedure may be run, such as by translating the drive ram 16 forward along its longitudinal axis 54 to
dispense a fluid, such as contrast media, from the syringe 14. While the slot 134 and extension 128 of
the illustrated embodiment have shapes referred to herein as “J° and "T," respectively, it will be
recognized by those of skill in the art that any shape that facilitates coupling may be used. Additionally,
while the illustrated embodiment depicts first a coupling mechanism 128 and plunger coupling
mechanism 126 that result in a passive coupling, those of skill in the art will recognize that coupling
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mechanisms and plunger coupling mechanisms that result in an active coupling (one which involves
some degree of positive gripping) may be used.

[0053] As described previously, the syringe mount 12 of the present invention allows for the syringe 14
to be removed from the face plate 86 and/or forward end 40 of the injector 10, when the drive ram 16 of
the injector 10 is at any position. It does not require the drive ram 16 to be returned to a “home”
position before detaching the syringe 14 from the injector 10. Thus, during an injection procedure, the
translation of the drive ram 16 may be stopped while the drive ram 16 is in an extended position from
the front face place 86 of the injector 10. A user can then grip the syringe 14 and move it in an upward
direction, thereby overcoming the spring-biased force of the first and second projections 118, 120 to
cause the actuator 56 to move from the second position to the first position. As this occurs, the first and
second projections 118, 120 ride along the first and second undulating contours 106, 108 from the
second valleys 114, over the ridges 116, and into the first valleys 112. Simultaneously, the first and
second pins 66, 68 of the first and second movable members 62, 64 will move within the V-shaped slot
of the wall member 58 from a position near the terminal ends 80, 82 of the arms of the V to a position
near the point of the V. This causes the first and second movable members 62, 64 to pivot from the
closed position to the open position by pivoting about the pivot points created by the interaction of the
first and second pivoting shafts 101, 103 with the first and second shaft openings 107 109. Due to the
positioning of the flange 34 at the rearward end 38 of the syringe 14 within the orifice 60 of the actuator
56, the actuator 56 allows for enough vertical syringe movement for the T-shaped coupling mechanism
on the rearward face of the syringe 14 to clear the slot on the forward end of the drive ram 16, thereby
allowing removal of the syringe 14 from the injector 10.

[0054] Additional advantages and modifications will readily appear to those skilled in the art. The
invention in its broader aspects is therefore not limited to the specific details, representative apparatus
and methods, and illustrative examples shown and described. Accordingly, departures may be made
from such details without departing from the scope or spirit of Applicant's general inventive concept.

10
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The claims defining the invention are as follows:

1. A syringe mount for connecting a syringe t0 a medical fluid injector, the syringe mount
comprising.

a housing that comprises a first orifice that extends tc an interior cavity of the housing;

an actuator that exténds through the interior cavity and that comprises a wall mermber
having a distally facing wall surface and a proximally facing wall surface, the wall member
having & second orifice that extends between the distally facing wall surface and the -
preximally facing wall surtace, wherein the second orifice is defined by a closed perimeter,
wherein 3 reference axis ¢f the syringe mount extends through both of the first and second
orifices, and wherein the actuater i3 movable within a dimansion that is subsiantially
perpendicular to the reference axis;

a first mavable member operatively coupled to the actuator and confronting the distatly
facing wall surface of the aciuator; and

& second moevable member operatively coupled to the actuator and confronting the:
distally facing wall surface of the actuator, wherein movemaent of actuator relative to the
housing in-a first direction causes movement of the first and second movable members
toward onz another; and wherein mavament of the actuator relative to the housing in-a
second direction causes rovement of the: first and second movabie members away from one
another.

2. The syringe mount of claim 1, wherein the wall member comprises a first undlatinig
contour on a first peripheral side surface of thé. wall member-and a second undulating contour
on an oppositely disposed second périphéral side surface of the wall member, whersin when
the syringe mount ig incorporated by an injector, the first and second undulating contours face
and are contacted Ly first and second projections, respectively, on 5.housing of the injector,
and the first and second projections ride on the surfaces. of the said first and secend

undulating cantours, respectively.

3. The gyringe mount of clalm 2, wherein each of the first and second periphieral side
surfaces of the wail. member comprise first and second yal.,l'éys that are apaced from aone
anotherand separated by a ridge, wherein positioning the first and second projections within
the tirst valley of their corresponding: peripheraf side surface establishes a first position for the
mavable actuator, and whersin positioning the first and secohd projections within the seccnd
valley of their corresponding peripheral side surfsce estabilshes a differant second position
for the movable actuatar,

RECEIVED TIME QO.MAR. 16:31
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4. The syringe mourit of any ané of claims 1-3; wherein the first and second movable

members are pivotable reiative to the actuator.

5. The syringe mount of any one of claims 1-4, wherein the first and second movable

members each comprise an arcuate surface.

6. The syringe mount of any one cf claims 1-5, wherein first and second slots are defined
in the wall member of the actuator. '

7. The syringe mount of ciaim §, further comprising a first pin coupled to the first
movakle member.and a s&cond pin coupled to.the sacond movable memiber, wherein the first
pin is jocated within the: first slot, anc wherein the first pin is located within the second slot.

8. The syringe meunt of any one cf claims 1-7, further comprising: a coupling plate, the
coupling plate being disposed distaily of the first and second movable members such that the
first and secend rmovable members are disposed.between the movable actuator-and the
coupling plate, wherein the coupling plate comprises first and second pivot shafts prejecting
therefrom, whereir: the first movable memiber has a first aperture defined therein, wherein the
first pivat shaft is located within the first,ape'[tul‘e,,wlmei'ein the second mcvable member has a
second aperture definad thersin, and’ whérei‘n the second pivot shaft is located within the

second aperture.

9. A medical fluid injector comprising:

an Injector housing;

a drive ram &t |east partially disposed within the injecter housing and movable along
longitudinal axis of the drive ram; and

the syringe mount of any one of the pracading claims.

10. A method of using a syringe mount of a medical fluid injector, the medical fiuid injector
comprising & driva ram having a igngitudinal axis, the method comprising:

moving a syringe through an‘apef‘ture of the: syrivge mount and irito an interier cavity
of the syringe mount ta insert the syringe into a zeparate arifice defined in a first camponent
of the syringe mount, whergin the moving of the syfings is aionf a path that is paraliél to the
longitudina! axis of the drive ram;

RECEIVED TIME 20. MAR. 16:31
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moving ths first companent in a first direction substantially perpendicular to a
longitudinal axis of the syringe to move the longitudingl sxis of the syringa towards the
longitudinal axis of the drive ram, wherein the syringe is jocated within the orifice. of the first
compenent during the moving of the first romponent anG

the moving of the first component causing movement of a second component of the
syringe mount toward the lengitudinal axis of the syringe.

11. The methoed of ciaim 10, wherein the moving of the second component comprises
moving cpposing first and second portions of the second component toward the longitudinal
axis of the syringe, and wherein the longitudinal axis of the syringe is located between the
first and secend portions both prior to and after the moving of the second component.

12.  The method of claim 10 or 11, wherein the second component of the syringe miount
conlacts the syringe as a result of the moving of the second cormporient.

13.  Thé method of any oné of claims 10-12, wherein the aperture is defined in a third
compenent of the syringe mount.

14, The methed of claim 13, wharein the-moving of the first compenrent comprises moving
the first component reiative to the third component.

15.  The method of claim 13 or14; wherein the moving of the second éomponerit
comprises moving the second comporent relative te the third component.

16. The method of any of claims 13-18, wherein the 'syringe is disposed withir the orifice
and aperture of the first and third componenits, respectively, during the maving of the first
compenent

17, The methad of any of clajms 1016, further comprising a user of the syrings mount
exerting a force on the syringe whils the syringe is iocated within the, orifice. defined in the first
component, wherein the force exerted by the user comprises a farce vactor orienied in the
first direction, and whereln the force exerted by the user causes (he moving of the first
comperent.

13
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18.  The method of any of claims 10-17, wherein the moving-of the first component
¢hanges thie position of the orifice of the first component relative to the longitudinal axis of the
drive ram.

19.  The methed of any of claims 10-17. wherzin the moving of the first component
changes a positicr of the longitudinal sxis of the syringe relative to the longitudinal axis of the
drive ram.

20. The method of any of claims 10-17, wharein the moving of the syringe is executed
with the first component being in a firgt position, wherein the longitudinal axis of the syringe is
spaced from the longitudinal axis of the drive ram with the first component being in the first
position, wherein the rnoving of the first component moves thie firsi component from the first
position to a second position, and wherein the moving of the first comiponent moves the
longitudinal axis of the syringa into a substantially coaxial relationshlp with the iongiiudinal
axis of the drive ram.

21. A syringe mount for connecting a syringe to a-medical fluid injector, the syrings mount
substantially as-hereinbefore described with reference to the.accompanying drawings.

22. A method of using a syringe mmount of a medical fluid injector, said method
substantially as hereinbefore described with reference to the accompanying drawings.

14
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