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"Medical fluid injector™
Field of the Invention
The present invention relates to an injector unit for injectiﬂg a fluid into a

patient in a medical injection procedure. In particular, the present invention relates to
the construction of such an injector unit including a means for injecting fluid from the

“injector unit in a controlled and efficient manner which is suitable for use in a variety

of applications.

Backeround of the Invention

- Many medical diagnostic and therapeutic procedures require a patient to be
injected with a fluid under the administration of a physician or similarly trained person.
Many forms of fluid pumps have been developed to perform this function that generally
employ a variety of actuating mechanisms to control the administration of the flnid to

 the patient. Infusion pumps have been employed for slow/gradual administration of a

fluid medication to a patient over time for instances such as pain management and the
like. For procedures such as angiography, computed tomography, ultrasound and
NMR/MRI, powered injectors have been developed for pressurised injection of fluids
such as imaging contrast media into a patient.. In this regard, powered injectors have
typically been designed to control the delivery of the contrast media at a controlled
pressure and flow rate. '

In most medical fluid pumps, particularly poWered injectors, the fluid is
contained and expelled from either syringes, soft bags, peristaltic tubes, or a

" combination of these. These fluid contatners are typically secured to or retairied within

the body of the injector system, at which point the actuating mechanisms are initiated to
deliver the fluid to the patient. The actuating mechanisms are typically driven bfy
motors in combination with reduction gearboxes to control the flow of fluid from the
container, and in the case of injectors employing syringe-type fluid containers, lead
screws and complicated drive shafts are often combined to expel the fluid.

As such, most existing injector units are relatively large and heavy in order to

“house the various components necessary to perform their function, particularly units

that employ two or more syringe-type delivery containers, Therefore, the mobility of
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existing units is limited, which is an issuc where such units must be transported around

‘various sites in a hospital or clinical environment. Further, as the various components

of the units, such as drive shafis and the like, are generally manufactured from a high
proportion of ferrous material, such units are generally not ideally suited for use in the
vicinity of Magnetic Resonance Tmaging ("MRI") scanners as they become adveresly

" attracted. to the magnetic force, and can have an adverse impact on the qua]ity of the

résulting image.

~ As a result, devices for use in MRI applications typically locate the ferrous
motors and/or lead screws near the floor of the MRI room, where the magnetic field is
relatively weak, to reduce.the adverse affects they may have on the resulting image.
However, this then requires transference of the motive force from the motor located in
the base of the unit, to the syringe or flmid vessel located at the top or head of the unit,
Which is typically approximately 1 metre above the floor se as to be closer and more
convenient to the patient and operator. Transferring motive force over such a distance
is difficult to achieve without loss of motive power, particularly if the unit employs a-
tilting head portion and there is some interaction between the tilting motion of the head,
and the motion of the drive transfer. As most units are battery powered they must
operate at a high level of efficiency to maximise usage between charges and any
inefficiency in the drive méohanism, due to friction losses and the like, rcqﬁircs
frequent recharging of the battery. ‘

‘As a result of the above, medical fluid injéctor units compatible with MRI are
generally very expensive and complicated devices. One siich device, “Spectris”,
manufactured and distributed by Medrad Inc. of Indianola, Pa, U.S.A., is described in
US Patent No. 5,494,036 and US Patent Application Publication No. US
2003/0050555, This unit is designed specifically for use with MRI and has its
motor/gearbox located either external to the injector unit or in the base of the unit, and
orientated vertically thereby intersecting a significant portion of the magnetic field
associated with an MRI procedure. The device employs flexible rotating drive shafis
within flexible tubes (also known as Bowden shafts) to transfer rotational motive power
from the motor/gearbox some distance to a lead screw pushing on the syringe(s)
provided in the head of the unit. Such a drive means has disadvantages as it requires

- specialised manufacture procedures and is therefore costly to produce and has limited

availability, and also exhibits high friction losses (i.e. poor efficiency), limited life,
limited flexibility of the cable, and elasticity in the power transfer of the cable. ‘The
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Spectris also employs lead screws in the head which are not efficient, are heavy, and
for use with MR1 must be non-magnetic which also adds to the cost if the unit.

There is therefore a need to provide an injector unit which is amranged in 2
manner which ensures efficient transference of motive force throughout the unit as well
as good weight distribution to provide improved mobility of the unit. There is also a
need to provide an injector unit than can be readily used in an MRI environment .
without adversely affecting the quality of the resultant image. ‘

Further to this, in order to control the delivery of fluid to a patient during a
medical procedure, there is -a need to monitor and ‘conirol the fluid pressure in the
system to ensure safe fluid delivery as well as to detect restrictions, blockages, or poor
placement of the needle within the patl ent.

Still further, most existing injector‘units can only accommodate one size and/or
type of syringe which restricts the choice of syringes that can be used as well as the
volume of fluid that is to be delivered. Such units also typically restrict the user to the
use of proprietary syringes which are often considerably more expensive. In injector
units where a variety of sized syringes can be used, special adaptors are often required
which can be tedious to change and are sometimes misplaced or inadvertently

discarded with the disposable syringe. Altemnative types and/or sized syringes have

differing bores and the injector unit must be programmed for correct speed and stroke
of compression in order to accurately deliver the desired flow and volume for each

‘particnlar syringe. Some injectors may be able to recognize a limited choice of

proprietary adaptors or coded syringes, however no current injector uniis can accept
standard (pre-filled or disposable) syringes, in a variety of sizes, without chéﬁg—ing
hardware -or adaptors. Furthermore no existing injector units are able to automatically -
recognize the gyringe size directly, and adjust flow and stroke accordingly.

Any discussion of documents, acts, materials, devices, articles or the like which
bas been included in the present specification is solely for the purpose of providing a
context for the present iuvention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim
of this application.
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Surnmaty of the Tnvention '

Throughout this specification the word "comprise”, or variations such as
"comprises” or "comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or stéps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps. -

According to a first aspect, the invention is an injector unit for injecting a patient
with fluid during a medical injection procedure, the injector unit comprising:’

a hiead portion configured to receive at least one fluid container contaiming said
fluid for injection, and housing an injecting means operable to gject fluid therefrom;

a bage portion configured to support said injector unit and adapted to house a
drive means for providing motive force to operate said injecting means; and

an elongate body portion, for supporting said head portion in-a position relative
to said base portion and for housing a drive transfer means for transferring motive force.
from said drive means to said injécﬁng means, the drive transfer means comprising at
least one cable extending between said drive means and said injecting means.

Tn one embodiment, the at least one fluid contaiper is a syringe having a plunger
disposed therein, and the injecting means comprises at least one elongate rod element
which is movable in an axjal direction to contact and depress the plunger of the syringe
to eject the fluid therefrom. The elongate rod element may be arranged along at least
one roller such that the axial movement of the elongate rod element is axial folling
movement and is guided by the at least one roller, The elongate rod elément has a

- proximal end and a distal end, with the proximal end being the end which contacts the

plunger of the syringe to eject the fluid therefrom. In this regard, the proximal end of
the elongate rod ¢lement may have a closed face to ensure that even force is-applied to
the plunger of the syringe.

~ In one embodiment, the drive means comprises a motor. The motor can provide
a substantially rotary motive force to an associated drive shaft. A first end of a first
cable méy be attached to the drive shaft and a second end to the distal end of the
elongate rod clement. In this régard, the first cable may be aranged to extend along a
length of the axis of the clongate rod element. In this arrangement, rotation of the drive
shaft in a first direction causes an increase in tension in the first cable causing the first
cable to move in a first direction, thereby moving said elongate rod element in an axial
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direction to contact and depress the blunger into said syringe to. exlﬁel the fluid
therefrom. By ensuring that the first cable is connected to the distal end of the elongate
rod element to extend along a length of the axis of the elongate rod member, virtually
all the cable tension is exerted squarely onto the syringe and associated plunger. This
should result in all parts bearing relatively very hght loads so resulting in long life and

-greater efficiency of the mjector unit.

This arranpement allows the motor, and where appropriate an associated
geatbox and lead screw, to be located in the base porﬁon of the unit. Such a base unit
can be placed on or very near the floor, so avoiding most of the magnetic field
associated with MRI scanners. Such an arrangement further overcomes the high centre
of gravity problem associated with conventional units and provides a stable unit able to

be readily transported in a safe and reliable manner.

Tn another embodiment, the drive transfer means may comprises a second, cable
aftached at a first end to the drive shaft and at a second end to the proximal end of the
elongate rod element. The second cable may also be arranged to extend along a length
of the axis of the elongate rod clement, in a direction opposite to the first cable to
optimise force transferral from the secand cable to the elongate rod element, ‘In such an
arrangement, rotation of the drive shaft in the first direction releases tension in the
second cable causing the second cable to move in the first direction. Further, rotation
of the. drive shaft in a direction opposite to the first direction causes a decrease in

_tension in the first cable and an increase i tension in the second cable, thereby causing

the elongate rod element to move in an axial direction away from the plunpger of the
syringe to enable removal of the spent syringe.

Each of the first and the second cables may be attached at their respective first
ends to a reel fixed to the drive shaft. By arranging the system sich that the cable is
driven directly from the reel on the output of the- motor/gearbox, there is no need to
provide a customary lead screw anrangement and thereby greaily improving reliability,
longevity and efficiency of the system, as well as simplifying the design, manufacture,
and cost of the injector unit. In another embodiment where a lead screw arrangement
may be employed, cach of the first and second cables may be aitached at their
respective first ends to a nut, driven by a lcad screw in contact w1ﬂ1 the drive shaft of
the motor.
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The first and/or second cables may be in the form of a wire, chain, belt or cord.
They may be made from a non-streichable, non-metallic .aud/or non-conductive

" material. In this regard, the first and/or second cables may be made from a para-aramid

fibre (such as Kevlar®) or carbon fibre.

In another embodiment, the head portion is able to be tilted in relation to the
base portion and/or the elongate body portion. As the present invention does not
employ drive shafts and the like to transfer the motive force, the head portion of the
unit is able to tilt with virtually no affect on cable tension, and without resulting in
movement of the pusher or syringe plunger. Further, this arrangement ensures that
there is no tendency for the head portion to tilt unexpectedly, or loss of system power
due to tilting of the head when the unit is in operation.

The structural ¢components of the injector unit may be constructed from non-
conductive materials such as plastics, resins or composite Irila’ccrials= thereby further

- reducing electromagnetic interaction between the unit and an MRI scanner. '

Most existing injectors réquire expensive custom designed and built bases to
accommodate the components such as the mechanics and electronics nécessary for such
dayices.' In one embodiment of the presént invention, a low cost conventional chair
base portion may be provided to support the unit. The base portion may support either
a single or double elongate body portioﬁ, for instances where single or double syringes
are provided. A brake system may be also provided to prevent wheeled pumps from
rolling undesirably on smooth floors, and which can be incorporated into conventional
chair bases. ' \ ' C ‘ '

In this aspect of the invention, the axial position and/or speed of the elongate rod
element may be readily monitored to determine the flow rate of the fluid expelled from

- the syringe. The axial position and/or speed of the elongate rod element may be

monitored by measuring the rotational speed of the drive shaft and/or at least one of the
rollers which guide the elongate rod element. In this regard, the rotational speed may
be measured by a rotational encoder or potentiometer. In such an arrangement; the
rotational emcoder or potentiometer type sensor may be coupled directly to the
motot/gearbox drive shaft located in the base portion of the unit to ensure shielding of
the control electronics from BEMI. Thus, the invention avoids any sensors “and/or ‘
conductive wixes in the head portion or e]ongaté body portion of the unit (as is common
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In an altemative embodimeut, for sensing fhuid préssitre in the syringe in order-.
to detect vestriction or blockages, or poor needle placement, a sensor is provided to
measure the tension in the first cable. The sensor may comprise an 4rm hingedly

. mounted at one end to the injector unit for deflecting the first cable, and the tension in
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the first cable may be determined by measuring the force applied by the first cable
against the arm. The free end of the arm may comprise a roller which contacts the fixst -
cable to deflect the cable, and the force applied by the first cable against the arm-may
be measured by a force sensor. In this regard the mcasurcd tension in the first cable is
directly pmpcortwna] to the syringe fluid pressure. ’

With this arrangement, large forces can be measured ‘with relatively small force
sensors, enabling the use of relatively cheap conventioﬁal sensors, for example df the
piezo type which are very compact, light weight, and not affected by magnetic fields.
Further, the deflection force being measured can be matched (apportioned) to the
Sensor sensitivity simply by choosing the degree of deflection in the cable, and/or the
position of the roller along the cable (regardless of the magnitude of the syringe force
and pressure). In this regard, the system can be easily calibrated (i.e. adjusted for
accuracy) simply by adjusting the degree of deflection in the cable, and/or the position
of the roller along the cable. Further, as the cable tension is directly proportional to the

Syringe fiuid pressure, €rrors associated with existing lead screw methods which

include screw and torsion friction errors are eliminated. Also, where the unit is used in
close proximity to EMI (e.g. near a medical scanner) by extending the cable (and
perhaps employing rollers) the force sensor can be located almost anywhere in the unit
(e.g. in the base portion of the unit and/or in a screened enclosure) thereby avoiding or

reducing errors caused by induced voltages from the BMI in the sensor.

In yet another embodiment for sensing fluid pressur¢ in the syringe, the
proximal end of the elongate rod element may have a sensor for determining contact
with, and/or pressure applied to, the plunger of the syringé. The sensor may be a fluid
filled bag located on a contact sarface of the proximal end of the elongate rod element
in fluid communication with a pressure transducer for measuring fluid pressure within
the fluid filled bag. In this regard, the fluid pressure measured in the fiuid filled bag is .
directly proportional to the ﬁressure of the fluid expelled from the syringe.
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In this arrangement, pressure at the transducer is accurately representative of the
syringe pressure (ignoring the friction of the syringe piston), and ignores friction errors.
associated with the drive means. The sensitivity of the transducer may be readily
selected by varying the surface area of the fluid filled bag, thereby controlling the ratio
of the syringe pressure to the transducer pressure. In this rega.rd by using a-non-

_conductive fluid such as an oil with the sensing system of this embodiment, the system

is ipmune to EML  Further, the present embodivent ensures that very small pressures
are accurately measured, thereby enabling the injector unit to detect when the
advancing injecting means first touches the syringe plunger.

To yet another embodiment for sensing fluid pressure in the syringe, the syringe
is supported within the head portion on a sliding base which is free to move in an axial

* direction for a fixed distance. The axial direction may be substantially co-axial with
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said axial movement of the at least one elongate rod element and the fixed distance, -
may be a distance of between up to 10 mm. In this arrangernent, contact between said
elongate rod element and the plunger of the syringe may cause movement of said
sliding base i the axial direction. The sliding base may be in direct or indirect contact
with a force sensor which senses forces associated with said axial movement of said
sliding base. In this regard, the force sensor may be a load c¢ll, strain gauge or piezo
cell in direct contact with the sliding base. In this arrangement, the force sensed by the
force semsor associated with movement of the sliding base of the syringe support is
directly proportional to the pressure of the fluid ejected from the syringe, and detects
initial contact between the elongate rod element and the plunger of the syrmge to
enable pnmm g of the injectot unit.

In each of the above embodiments, the infector unit can be ¢ontrolled by an
clectronic conirol system which controls the injéction of the fluid into a patient in
response to the above sensed pressure conditions associated with the injection
procedure. In this regard, the electronic system is able to precisely control pump flow
by continuously adjusting pressure to meet the inherent resistance, yet safely limit

. pressure with compromised flow in the event of an uncharacteristic restriction or
blockage to flow. Unlike most existing injector unit types, the flow control system of
. the present invention employs analog feedback techmqucs which greatly simplify the

circuitry, produce little electromagnetic radlauon, and are relatwely immune to any
EMI from the surrounding environment.
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In yet another embodiment, each syringe is received in the head portion by a
sytinge holder, comprising a base portion for securing said syringe holder to said
injector unit; at least two arms, each arm being mounted to said base portion at a first
end, with at least one of said arms being hingedly mounted to said base 4porﬁ0n at said
first end, and each arm further having a gripping element secured to a second end; and
a biasing element arranged between said at least two arms for biasing said arms into a-
holding position, wherein a body of the syringe is securely held between said gnppmg
elements of sald arms.

The first ends of the at least two arms may be mounted to axles provided in ‘the
base portion of the syringe holder. The axles may be fixed to the base portion and
arra.nged ina parallel relationship to ensure that when the arms are in the holding
position, the syringe is axially aligned with the injecting means. To ensure symmetrical
movement of the arms with respect to the base such that any diameter sytnge will be
axially aligned with the injecting means, each axle may have a gear element mounted
thercon such that gear elements of adjacent axles mesh together. '

The biasing elemnent may be an extension spring siretched between the at least
two arms. The biasing force of the extension spring may be sufficient to firmly hold
the syringe in position during ejection of the flnid retained therein, whilst enabling
manual separation of the amms to remove the syringe therefrom following ejection of
the fluid. ‘

The surfaces of the gripping elements which contact the body of the syringe may
be shaped to conform to the body of the syringe. In this regard, the contact surfaces of
the gripping elements may have a substantially concave surface. In another form, the -

* contact surfaces of the gripping elements may be provided with two concave surfaces,
‘one. concave surface having a radius substantially equal to the largest suitable syringe

diameter, and the other concave surface having a diameter substantially equal to the
smallest suitable syringe diameter. In yet another form, the gripping elements may be
substantially V-shaped in cross-section. The contact surfaces of the gripping elements
may also have grooves provided therein to conform with flanges provided on the body
of the syringe. The contact surfaces of the claws may be moulded from or coated with
a soft plastic to facilitate gripping of the syringe. In another embodiment, the gripping



WO 2005/102416 PCT/AU2005/000583

10

15

20

25

30

35

10

elements may be detachable from the arms of the syringe holder, such that the gripping

' elements may be interchangeable to suit different types and styles of syringes.

The arms of the syringe holdex can be separated to receive a vatiety of syringes
having variable barrel diameters, to retain the syringe in an axjally aligned arrangement
with the injecting means. A sensor may be provided to measure the distance of -
separation of the arms to determine the barrel diameter of the syringe retained therein.
The distance of separation of the arms may be determined by measuring the angle of at
least one of the arms with respect to the base portion of the syringe holder. In this
regard, a rotational sensor may be coupled to at least one arm of the syringe holder to

* measure the angle of the arm with respect to the base portion.

The control circuitry of the injector unit may determine the barrel diameter of
the syringe based on the measured distance of separation of the arms, and control the
injecting means accordingly. In one form, the control circuitry may control the
injecting speed and stroke of the injecting means in relation to the determined barrel
diameter of the syringe to ensure the correct flow rate of fluid is delivered from the
syringe. In another form, the control cucultry may ccasc operation of the injecting
means if the determined barrel diameter of the syringe is mccmsxstent with the medical
procedure being performed.

According to a second aspect, the invention is a syringe holder for an injector

- ‘unit, comprising:

- a base portion for securing said syringe holder té sald injector unit;

at least two arms, each arm havmg a first end and-a second end, said first ends of
cach arm being mountable to said base portion, with at least one of said arms béing
hingedly mountable to said base portion at said first end, and each said second end
having a gripping element attached thereto; and ‘

a biasing element arranged to bias said arms into a holding position for holding
the syringe between said gripping elements of said arms.

In one embodiment of this second aspect, the first ends of the at leastk two arnms
may be mounted to axles provided in the base portion of the syringe holder. - The axles
may be fixed to the base portion and arranged in a parallel relationship to ensure that
when the arms are in the holding position, the syringe is axially aligned with the

injecting means, To ensure symmetrical movement of the arms with respect to the base
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| such that any diameter syringe will be axially aligned with the injecting means, each

axle may have a gear element mounted thereon such that gear elements of adjacent

axles mesh together.

The biasing e¢lement may be an extension spring stretched between the at least

-two armsf The biasing force of the extension spring may be sufficient to firmly hold

the syringe in position during ejection of the fluid retained therein, whilst enabling

" manual separation of the arms to remove the syringe therefrom following ejection of

the fluid.

. The surfaces of the gripping elements which contact the body of the syringe may -

~ be shaped to conform to the body of the syringe. In this regard, the contact smfacés of
~ the gripping elements may have a substantially concave surface. In another form, the

contact surfaces of the gripping elements may be provided with two concave surfaces,
one concave surface having a radius substantially equal to the largest suitable syringe

-diameter, and the other concave surface having a diameter substantially equal to the

smallest suitable syringe diameter. In yet another form, the gripping elements may be
substantially V-shaped in cross-section. The contact surfaces of the gripping elements
may also have grooves provided therein to conform with flanges provided on the body
of the sytinge. The contact surfaces of the claws may be moulded from or coated with
a soft plastic to facilitate gripping of the syringe. In another embodiment, the gripping
elements may be detachable from the arms of the syringe holder, such that the gnppmg

clements may be mtexchangeablc to suit different types and styles of syringes.

~ The arms of the syringe holder can be separated to receive a variety of syringes |
having varisble barrel diameters, to retain the syringe in an axially aligned arrangement
with the injecting means. A setsor may be provided to maeasure the distance of

* separation of the arms to determine the barrel diameter of the syringe retained therein.

The distance of separation of the arms may be determined by measuring the angle of at
least one of the arms with respect to the base portion of the synnge holder. In this
rega:d a rotational sensor may be coupled to at least one arm of the syringe holder to
measure the angle of the arm with respect to the base portion.

The control circuitry of the injector unit may determine the barrel diameter of
the syringe based on the measured distance of separation of the arms, and control the
injecting means accordingly. In one form, the control circuitry may control the
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mjecting speed and stroke of the injecting means in relation to the determined barrel
diameter of the syringe to ensure the cotrect flow rate of fluid is delivered from the
syringe. In another form, the control circuitry may cease opeération of the injecting

means if the determined barrel diameter of the syringe is inconsistent with the medical
procedure being performed.

According to a third aspect, the invention is a method of operating an injector
unit for injecting a patient with fluid during a medical injection procedure, comprising:
- loading the injector unit with a container contatning said fluid for injection;
sensing a parameter associated with the container; and
controlling the delivery of said flnid from the container in response to said
sensed parameter.

Tn one embodiment of this aspect, the injector unit can be a5 described herein
with reference to the first aspect of the invention.

In one embodiment, the step of loading the injector unit may coinprise loading a
fluid filled syringe into a syringe holder of the injector unit. The syringe holder may
comprise at least two arms for securely retained the syringe in position for injecting by
the injector urit. In this regard, the syringe may have a plunger disposed therein for -
¢jecting the contained fluid from the syringe.

The step of sensing a parameter associated with the container may comprise
sensing a barrel diameter of the syﬁhge which is indicative of the volume- of the
syringe. The barrel diameter of the syringe may b¢ sensed by determining a distance of
separation between the at least two arms of the syringe holder holding the syringe. In
this regard, the distance of separation of the arms may bé determined by measuring the -
angle of at least one of the arms with respect to a base portion of the syringe holder. In
one form, a rotational sensor may be coupled to at least one of the arms of the syringe
holder to measure the angle of the arm with respect to the base portion.

The step of controlling the delivery of the fluid from the container may comﬁn'se
controlling the speed and stroke of the plunger within the syringe to deliver an
appropriate volume and/or flow rate of fluid from the syringe proportional to the
measured barrel diameter of the syringe. In this regard, the speed and stroke of the
plupger may be controlled by a control S}}stem -of the injector unit which controls a -
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drive mechanism for engaging with the plunger to eject fluid from the syringe. The
drive mechanism may comprise a motor which operates a push-rod that engages the
plunger, and the speed and stroke of the plunger may be controlled by controlling the
speed of the motor.

According to a fourth aspect, the invention is an injector unit for injecting a
patient with fluid during a medical injection procedure, comprising:
a holder mechanism for receiving and securing in position a fluid container for

: m_]ecuon,

an injecting means for ejecting fluid from gaid flnid container; and
‘a sensor for measuring a force applied by the m_|ectmg means to the holder

-mechanism.

In one embodiment of this aspect, the fluid container is a syringe having a

plunger disposed therein. The holdet mechanism may be attached to said injector unit

such that it is free to move, for a predetermined distance, along the axis of the syringe.
The predetermined distance may be a distance of up to 10 mm. ' A

The injécting means may comprise at least one elongate rod element which is -
movable in an axial direction to contact and apply force to the plunger of the sjrringe o
eject fluid therefrom. The at least one elongate rod element may be driven by a motor
under control of a control system of the fujector unit. In this regard, the force applied
to the plunger of the syringe is also transferred to the holder mechanism, causmg the
holder mechanism to move in a direction alon g the axis of the syringe.

The sensor may be in contact with the holde; mechanism such that movement of
the holder mechanism generates a force upon said sensor. .In this regard, the sensor -
may be a load cell, strain gange and/or a piezo cell, capable of efficiently measuring
forces. The force sensed by the sensor can be proportional to the fluid pressure
delivered by the syringe and can provide an indication of any ptoblems associated with
the injection procedure, such as blockages, incorrect syringe pla;cement and the like.
As such, in response to the forces sensed by the sesor, the injecting means may be
controlled to ensure that the procedure is operating efficienily and that ithe flmd
pressure delivered by the syringe is within acceptable and safe limits.

" Brief Description of the _Drawings
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By way of example only, preferred embodiments of the invention are now
described with reference to the accormppanying drawings, in which:

Fig. 1 depicts a sectional side view of an injector unit arrangement having
. motive power source arranged in the base of the unit in accordance with one

embodiment of the present invention;

‘Fig. 2 shows a cross-section view of the injector umt of Fig. 1 through section
Y-Y; ’

Fig. 3 reveals a side view of an alternative embodiment of the injector unit of
Figs. 1 and 2, employing a tilting head arrangement;

Fig. 4 shows the injector unit of Fig. 1, in combination with a monitoring system

for monitoring the tension of the drive cable to determine fluid pressure in the syringe
in accordance with one embodiment of the present invention;

Fig. 5A shows a sectional side view of a sliding base syringe holder
arrangement employing a means for measuring syringe pressure in accordance with one

" embodiment of the present invention;

Fig. 5B is a front view of the sliding base syringe holder arrangement of Fig.
5A; - '

Fig. 6 shows a side view of the sliding base syringe Holder of Figs. SA and 5B
employing a means for measuring syringe pressure according to another embodiment of

~ the present invention;

Fig. 7 shows a side view of a syringe holder employing an alternate means for
measuring syringe pressure in accordance with. another embodiment of the present
invention;

Fig. 8 shows a side view of a system for detecting contact between a pump
pusher and a syringe plunger, in accordance with an embodiment of the present

" invention;
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Fig. 9 depicts a sectional side view of an injector unit arrangement having an
alternative motive power source arranged in the base of the unit in accordance with
another embodiment of the preseut invention;

 Fig. 10 shows a cross-sectional view of the injector unit of Fig. 9 through plane
B-B; B

Fig. 11 depicts a sectional side view of an ‘injectt)r unit arrangement having an
alternative motive power source arranged in the base of the unit in accordance with yet

-another embodiment of the present invention;

Fig. 12 shows a cross-sectional view of the injector unit of Fig. 11 through plane
C-C; R : ‘

Fig. 13 depicts a scctional side view of an injector unit arrangement havingA an
alternative motive power source arranged in the base of the unit in accordance with still

. yet another embodiment of the present invention;

Fig. 14 shows a cross sectional view of the injector unit of Fig. 13 through plane
D-D; ' . .

Fig. 15 depicts a sectional front view of a peristaltic pump injector unit

" according to yet another embodiment of the present invention;

Fig. 16 shows a cross-sectional view of the injector unit of Fig, 15 through plane

~ Fig. 17A shows an exploded oblique view of a syringe. holder in accordance
with one embodiment of the present invention;

Fig. 17B shows an..oblique view of the assembled syringe holder of Fig. 17A,

" with 4 syringe above réady to be loaded into the holdcr;

Fig 18A shows the syringe holder of Figs 17A and 17B havmg removable claws

- in accordance with an embodiment of the present inventxon,
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Fig 18B shows the syringe holder of Fig. 18A with removable ¢laws attached;

Figs 18C(i) to (v) show a variety of ﬂanged syringes adapted for use with the
injector unit of the present invention. ‘

Figs 18D(i) to-(iif) show a variety of plungerless syringes adapted for use with

the injector unit of the present invention;

Fig. 18E shows a side view of a sytinge holder having alternative slotted claws
for holding flanged syringes;

~ Fig. 18F is a front view of the syringe holder of Fig. 18E;

‘Fig. 18G shows a three-dimensional oblique view of the syringe holder of Figs.

18E and 18F.

Fig. 18H shows a front view of the syringe holder of Fig. 18G;

Fig. iSI shows two pairs of alternate claws ha‘ving grooves to Support flanged

‘syringes suitable for use with a syringe holder of the present invention;

Fig. 18] shows a front view of a syringe holder employing either of the two
alternate slotted claws of Fig 181 to hold a loaded syringe; ‘

Fig. 18K shows an alternative grooved claw having a conical entry taper in
accordance with another embodiment of the present invention;

Fig. 181 shows an altemative view of the grooved claw of Fig 18K;
Fig. 19 shows an oblique three-dimensional view of the syringe holder and

syringe of Figs. 17A and 17B, showing the syringe clamped in the holder restrained by -
foree sensing cables, and having the pusher primed ready for immediate pumping;
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Figs. 20A - 20C show front views of three different sized syringes clamped in
the syringe holder as shown in any one of Figs. 17A to 19, securely held, and on axis

with the pusher ready for pumping;

Fig. 21A shows an oblique three-dimensional view of a syringe holder in
accordance with any one of Figs. 17A to 19, with the addition of restraints to support
the holder arms as well as prevent them from opening, partlcularly under heavy loads
and syringe pressures : :

Fig. 21B shows a side view of the syringe holder of Fig. 21A further showing

-the restraints for supporting the bolder arms, and revealing a rotational sensor coupled

to one arm of the holder, enabling measurement of the syringe barrel diameter;

Figs. 21C and 21D show front and side “views respectively of an 4lternate
syringe size encoder which can be employed with any of the syringe holders of Figs.

. 17A-19;

" Figs. 21E and 21F reveal front and oblique three-dimensional views respectively
of an alternative sliding syringe holder mounted in its chassis and restrained by twin’
cables, enabling pressure measurements; ‘

Flg 21G further shows the arrangement of Figs 21E and 21F, particularly
showing the cable deflection; A .

* Fig. 22 shows a three-dimensional oblique view of a dual pedestal injector unit
in accordance with one embodiment of the present invention;

Fig 22A and 22B show in more detail the iujectof head , cover shape, pusher, ‘
and claw arrangement of the injector unit of Fig. 22;

Fig. 23 shows a cross sectional view of a base of the injector unit of Fig. 22
having a releasable central brake post to prevent the unit fror rolling wndesirably on
smooth floors;
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Fig. 24 shows a simplified schematic of an analog system for controlling the
injector wnit motor speed and syringe flow, in accordance with an embodiment of the
ptesent invention. ’

Fig. 25 shows typical simplified waveforms of various parameters of Figs. 24
and 26; and

Fig. 26 reveals an improved mezans for controlling syringe flow, employing a
force sensor, and able to more’ precisely limit synnge pressure yet continue pumping

shonld a restriction occur.

Preferred Mode of Carrving out the Invention

Referring to Fig. 1 an injector system 100 is shown, removably posmoned ona
floor 115 of a room, for example an isolated room switable for performing an MRI
procedure. The injector system 100 comprises a rigid, one-piece chassis 120 which
houses the various components of the injector aystem. The chassis 120 is configured

‘such that it is capable of removably receiving a fluid filled syringe 121 at an upper

portion or head of the injector system 100 at a height convenient for use by an operator
and/or the patient. A pair of jaws 127 is provided within the head of the chassis 120 to
receive and retain a flange 130 of the syringe 121 to secure the syringe 121 in a desired
position for use. In order to expel the contents of the syritige 121, a pusher system 119

- is provided in the head of the chassis 120 which is actuated to advance in the direction

25

30

35

of arrow 138, thereby compressmg the syringe plunger 129 and piston 133 into the
body of the syrmge 121.

As shown more clearly in Fig. 2, positioned within the chassis 120 and 1o§atcd

" at the base of the injector system 100 adjacent the floor 155 of the room, is a motor 111

with integral reduction gearbox 112. The motor 111 and gearbox 112 provides the
actuating force for driving the syringe pusher system 119 thereby causing expulsion of
the contents of the syringe 121. A taut cable 113 (shown as a dotted line) and a retract

‘cable 114 (shown as a dashed line) is provided between the motor 111 and pusher

gystem 119 to efficiently transfer motive force generated by the motor to the pusher
system fo cause the syringe plunger 129 to move within the Body of the syringe 121 as
desired. At one end, the taut cable 113 is connected to a reel 116 which in turn is fixed
to the output shaft 117 of the motor/gearbox 111/1 12 to receive the motive force



WO 2005/102416 PCT/AU2005/000583

10

15

20

25

30,

35

19

therefrom. The taut cable 113 is then drawn over a cable/pusher roller 118 for at least a
Vi of a turn and is fixed at its other end to a rear axis of the pusher system 119 at anchor
point 122, As shown more clearly in Fig. 2, the roller 118 is supported within the
chassis 120 along an axial shaft 126 by chassis mounted bearings 135 and is free to
rotate about its axis. Similarly, the retract cable 114 is also attached at one end to the
reel 116 to receive motive force from the motor/gearbox 111/112 via the output shaft
117. The retract cable 114 is also drawn over the roller 118 for at least a % of a turn
but in the oppdsite direction to the taut cable 113 such that it is fixed at its other end to
a front, inside axis of the pusher system 119 at anchor 'point 134, The cables 113/114
can be made from a non conductive material to avoid interference with any

‘environmental magnetic field which may be associated with an MRI scanner, and can

be made of non-condnctive cord or reinforced belt material such as Kevlar, carbon
fibre, or similar to reduce EMI interaction. To avoid slippage of the cables 113/114 on
the reel 116, the cables 113/114 may be wound several times around the perimeter of

reel 116. Alternatively, cables 113/114 could be anchored by means of a clamp (not ”
shown) at a central point on the reel 116. It will be appreciated that whilst the term
cable is used in this description, a wire, belt, chain, cord, line, or similar nons -
stretchableiflexible material could be used to perform this function and still fall within
the scope of the present invention. | |

To advance the pusher system 119 in the direction indicated by arrow 138, the
motor/gearbox 111/112 causes reel 116 to rotate in a clockwise direction (as.indicated
by arrow 128 of Fig. 1) thereby pulling the taut cable 113 in a downward direction, and
releasing retract cable 114 in an upward direction, as shown by cable tension and
movement directions arrows 139. The tension present in cable 113 is transférred
directly onto the pusher system 119 in the direction indicated by arrow 138, thereby
causing compression of the syringe plunger 129, which in turn pushes syringe piston
133 expelling the cositents of the syringe 121. :

To retract the pusher systern 119, the motor/gearbox 111/112 reverses direction
thereby causing reel 116 to rotate in a counter-clockwise direction. This action pﬁlls :
cable 114 in a downward direction and releases cable 113 in an upward direction
(whilst not allowing any slack in the cabls) thereby retracting the pusher system 119 -
away from the syringe plunger 129. The cables 113 and 114 are each preferably one
continuous " length between the attachment points 122 and 134. Although not
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illustrated, it will be appreciated that the pusher systermn 119 has a closed face in front of '
attachment point 134 to ensure even force is applied to the syringe plunger 129.

To facilitate controlled advancing and retracting movement of the pusher system
119 in relation to the stationary roller 118, a deep slot 123 is provided in the pusher

 system 119 which extends substantially the full length of the pusher system to
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accommodate the roller 118. The slot 123 is slightly wider than roller 118, and has a
depth equal to half the diameter of the pusher system 119, so that cables 113 and 114
s along the axis of pusher system 119. A top roller 124 is also provided and
supported within the chassis 120 along an axial shaft 132 and is free to rotate about its
axis. The top roller 124 is shaped to conform with the top surface of the pusher system

- 119 such that movement of the pusher system 119 is gﬁided by cable roller 118 and the

fop roller 124. A circular bush 125 is also provided, which generally forms a circular
ring through which the cylindrical pugher system can glide axially, to further control the
movement of the pusher system 119. ' '

As the taut cable 113 pulls directly along the axis of the pusher system 119 and
the comresponding syringe 121 and syr.ingc plunger 129, virtually all the cable tension is
transferred squarely to the syringe plunger 129, with very little force or friction
transferred to the roller 124 and bush 125, Although roller 118 bears significant load
from the cables 113 and 114, low friction bearings 135 support the roller 118 in the
chassis 120 to conserve any energy losses of the system,

In essence, the actuation system of the injector unit 100 makes it possible to
arrange the motor 111 and gearbox 112 so as they are oriented horizontally with respect
to each other, and thus can be located proximal the floor 115. This arrangement
reduces the amount of weight distributed towards the top of the pump, and significantly

" avoids interfering with most of the magnetic field associated with MRI (Magnetic

Resonance Imaging) scanners. Further, as the taut cable 113 is driven di;éctly from the
reel 116 fixed to the output shaft 117 of the motor/gearbox 111/112, there is no need to

‘employ a conventional lead gerew arrangement to facilitate dispensing of the syringe

121, thereby greatly improving the efficiency of the system and simplifying the design,
manufacture, and cost of injector unit 100. ’

 Further, as the taut drive cable 113 is‘ attached directly to the pusher system 119
at attachrent point 122, the position (and speed) of the pusher system 119 can be easily '
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. monitored by coupling an absolute rotatiopal sensor 131 (such as a potentiometer or

absolute encoder) at any point along the cable 113 or 114. In Fig. 2, sensor 131 is
shown in two alternate locations, either coupled to the roller 118 in the head of the
chassis 120, or coupled to the recl 116 down in the base of the chassis 120. In an MRI
environment, the latter position may be preferable to assist in sh1cldmg the base and ‘
control electronics to avoid MR, and so that it is further away from the sensitive bore
area of any associated MRI Scaoner which may affect the image quality. Currently
available absolute potentiometers or encoders for use as sensor 131 usually have a
limited rotation of around 360, degrees or less, and hence the circwmference (i.e.
diameter) of the associated roller 118 or reel 116 is chosen to give the desired rotation
to suit the required pusher system 119 travel.

In ingtances where very precise conirol of fluid flow rate and volume i§
required, a second encoder may be coupled to the motor itself, before the pearbox.
Such an ‘additional encoder capmot provide an indication of absolute position of the
p'ushcr system 119, as is the case with sensor 131 and especially not in the cvcnt of
power interruption or control failure, however it can prowde a secondary” mdlcatlon of
syringe movement (eg for safety purposee), which could allow an overall control
sysiem to detect slibpage, stretch, or excess speed/flow in the drive system.

The arrangement of the present invention substantially reduces the chances of
EMI between the injector unit 100 and any associated medical scanner (not showmn) by
employing non conductive cables 113/114, eliminating the presence of conductive
Wirés through the pedestal of the unit, and/or by locating sensors 131 in the base of the
unit as described above. By constructing the pedestal and base sections of chassis 120
from a non-conductive material, such as-a plastics matenal, a resin or a composite
material. '

An altemative embodiment of an injector wnit is shown in Fig. 3. In this
embodiment, the injector unit 101 performs the same function as injector unit 100 of

Figs. 1 and 2, and where appropriate, the same reference numerals have been used to,

refer to similar components of the injector unit. Geénerally, the injector wnit 101 has the
additional benefit of having a tilting head portion 140 mounted atop of the pedestal of
the chassis 141, which has been truncated at section 149 for illustrative purposes; and
which could be any length convenient for the application. .



WO 2005/102416 PCT/AU2005/000583

10

15

20

25

30

35

22

The tilting head portion 140 is provided to enable the syringe tip 137 (outlet) to
be angled up, to expel any air present at the tip, or down during injections, so that any
small bubbles of air in the syringe 121 will be expelled last, and typically go'no further
than the tube 133 connecting the unit 101 to the patient. This movement is shown by

“the atrows 144 and the dotted outline 142. Controls for controlling the operation of the
* ynit 101 (not shown) are mounted on the head portion 140 of the unit, and the ability to

tilt the head portion provides greater visibility of, and access to, such controls by an
operator.

The actuating mechanism of the injector unit 101, as described above in relation
to the injector wnit 100, accommadates tilting movement of the head portion 140. In
this regard, as the head portioﬁ 140 s tilted about a pivot 145, whilst the cables 113 and
114 are both flexed, they are unaffected in terms of length and tension, with the result
that roller 118, pusher system 119, and syringe plunger 129 ate not actuated when the
head is filtcd, regardless of whether the unit 101 is operational or not. It should also be

‘noted that when high loads are applied to the cables 113 and 114 (e.g. during an

mjection procedure) there is no tendency for the head to tilt inadvertently bécause all
tension is applied through the ceiire of the pivot 145, resulting in no net rotational
force on the head 140, This also overcomes the need to provide an additional locking
means to Jock the head portion 140 at an appropriate head tilt angle as is found on sorfne
existing pumps. ‘

~ Alternative actuating mechanisms suitable for an injector unit of the present
invention are shown in Figs. 9 to 16 and will be described generally below. h

In Figs. 9 and 10, injector unit 190 is shown having the same head and syringe
actuating arrangements as described above in relation to Figs. | to 3. However, in this
arrangement, an alternate means of driving the taut cable 113 is shown. A
motor/gearbox 191 is located in the base of the unit 190 and is ¢oupled to a lead screw
arrangement 192, on which nut 193 travels up and down as lead screw 192 is rotated by
motor/gearbox 191, Motor/gearbox 191 is fixed to the chassis 196 by fixed mounting
blocks 197, whilst the top end of lead screw 192 is supported to the chassis by bearing
block 198. The cable 113 is attached to nut 193 at clamp 199, and rides over roller 118,
and is attached to the rear axis of pusher system 119 at clamp 122. Roller 118 is free to
rotate about its axis on axle 126 in the same manner as described above, and pusher
system 119 reciprocates along its axis (as indicated by arrow 138), also in the manner
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as previously described. A freewheeling roller 200 is located in the base of the injector
unit 190 and spins on shaft 201 which is fixed to the chassis 196 by mounting blocks
197. Cable 114 is attached to mit 193 at clamp 199 (in practice is a continvation of
cable 113), and is guided around and under motor/gearbox 191 by roller 200, then up
and over the top of roller 118, then is attached to the axis of the front 40f pusher, system
119 at clamp 134. As described previously, pusher system 119 has a closed face.

, As nut 193 is caused to move in a downward position by lead screw 192, cable
113 is pulled down, which in tumn pulls pusher system 119 forward, compressing
syringe plunger 129. Simultaneously cable 114 is released by nut 199 as it is propelled
down, allowing pusher 119 to travel forward, but not allowing cable 114 to become
slack. Arrows 139 indicate cable movements during advancement of pusher 119. To
retract pusher 119, the motor/gearbox 191 and lead écrew 192 reverses direction,
causing nut 199 to travel up, pulling on cable 114 whilst releasing cable 113, causing
pusher 119 to retract away from the syringe. It will be appreciated that the actuating
system of unit 190 operates in & substantially identical manner as'that' described in
relation to unit 100 and 101, with the difference being the manner the motive force
applied to the cables 113/114. '

- In Figs. 11 aﬁd.lz, injector unit 210 is shown using the same motor/gearbox
111/112, and syringe mounts 127, as those described in relation to units 100 and- 101.
In this arrangement, ree] 116 drives a taut cable (or belt, or chain etc) 211 which in turn

.drives a slotted gear 212 located in the head portion of the unit 210. A pusher system

213, similar in atrangement to that described in relation to Figs. 1 to 3, is provided
which has a slot 214 formed along its underside to engage with toothed gear 212. The
top of slot 214 has a continuous line of gear teeth 215 along the axis of pusher 213
which mesh with gear 212. As gear 212 rotates it drives the puéher 213 back and forth
along its axis, as indicated by arrow 217. Pusher 213 is also guided by top roller 124,
and circular bush 125 (in the same manner as’previously described) to ensure controlled
axial movement and hence controlled fluid flow from the syringe 121. As
motor/gearbox 111/112, reel 116, and roller 212 rotate clockwise (indicated by arrows
216), pusher 213 is driven forward, compressing syringe plunger 129. Likewise if
motor/gearbox 111/112, reel 116, and roller 212 were to rotate counter-clockwise,
pusher 213 is retracted away from syringe plunger 129. As in the unit described in

relation fo Figs..1 and 2, this unit 210 of a syringe pump is well suited to an MRI

environment.
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In Figs. 13 and 14, yet another injector unit 220 is shown having a motor 221

_provided in the base, with syringe 121 mounted removably in the top of chassis 222 by

© jaws 127. In this arrangement, motor 221 (which can incorporate a4 gearbox — not
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shown) and pulley 223, drive a belt (or cable, or chain) 224, which tuns a top pulley
225 lacated on a driving shaft 226. At one end of tbe driving shaft there are provided
driving gears 227 which engage with a lead serew 228 such that rotational motion of
the driving shaft 226 is transferred to the lead scrow 228. As in the previous
embodiments, pusher 229 is only able to move axially, guided by circolar bush 125 at
the front, and nut 230 at the rear and has a slot 231 provided along its entire right side,
‘as is shown clearly in Fig. 14.

A block 232 is attached to chassis 222 and fits loosely into slot 231 to prevent
pusher 229 from rotating about its axis during actuation. Depending on the direction of
rotation of the motor 221, lead screw 228 drives nut 230 and pusher 229 back or forth
along their axes, compressing or retracting from syringe plunger 129. Whilst this
injector unit 220 provides ah alternative system for actuating the syringes, it may not be
ideally used in some circumstances, such as where mobility of the unit is required, as
having.a lead screw and gears etc in the head portion of the unit causes it to be “top
heavy” and more difficult to manoeuvre. Further, as most lead screws are ferrous such
a unit may not be ideally suited in an MRI environment, however it is envisaged that
lead screw 228 could be fabricated from a non ferrous material such as brass. ‘

In Figs. 15 and 16 yet another ewbodiment of an injector unit 240 is shown
which employs a peristaltic type medical fluid pump having an elastic tube 241
mounted removably in the puthp head, and squeezed in a continuous peristaltic motion
by three rollers 249 to deliver fluid. A motor/gearbox 242 is located in the base of a
rigid chassis/pedestal 243 and a pulley 244 (preferably toothed pulley, or sprocket, reel,
etc).is fixed to motor/gearbox 242 to drive a continuous belt 245 (preferably a toothed
belt, cable, chain, cord, etc). In this regard, motive force is transferred from the
motor/gearbox 242 to a top pulley 246. A conventional peristaltic pump unit 247 is
mounted at the top of chassis/pedestal 243 comprising a wheel 248 having 3 rollers 249
squeezing tube 241 against housing 250. As can be seen in Fig. 16 pump wheel 248 is
coupled to top pulley 246 which is rotated by the motive force from motor/gearbox 242

~via belt 245. It should be noted that with the motor/gearbox 242 mounted horizontally

and located very close to the floor this invention is ideally suited to an MRI
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epvironment for reasons discussed above.  Under -these circumstances the
belt/cable/cord 245 and chassis/pedestal 243 would preferably be fabricated from non-
conductive materials. Rotational sensor 251 is a very useful option-for monitoring
purmp rotation, thereby providing measurement of pump volume and flow. Rotational
sensor 251 could be coupled to top shaft 253, although for a medical jmaging’
environment sensor 251 would preferably be located in the base, coupled to
motor/gearbox 242 (as shown in Fig. 16) to enable casier screening from EMI, and fo
be further away from the scanner (not shown). ~

For injector units such as those described above, it i highly beneficial to tie able

to sense and limit the delivery prossure of the fluid injected therefrom. Such an ability -

enables the detection of any restrictions or blockages present in the system, the
detection of poor needle placement within the patient and the ability to reduce injury to
patients should the needle be misplaced, the ability to limit pressure for patients having
frail blood vessels, and/or the ability to simply avoid bursting the syringe and tube.

One system for performing this function is described in relation to the mjector
unit 102 of Fig. 4. This system generally senses the tension present in the
aforementioned cable 113 to sense the fluid delivery pressure from the pump. The
cable tension may be sensed at any point between the reel 116 and the roller 118 by
deflecting the taut cable 113 just a few degrees around a small roller 179 mounted on a
hinged arm 182, which hinges at pivot 184. A conventional low force sensor 183 is

" used to sense a portion of the force on roller 179 which will be directly proportional to ..
"cable 113 tension, and flwid pressure in syringe 121. It should be noted that the force

on roller 179 and on sensor 183 of Fig. 4 can very easily be designed and/or calibrated
(i.e. adjusted for accuracy) simply by either: adjusting the degree of deflection in the
¢able 113; adjusting the position of the roller 179 with respect to reel 116 and roller

- '118; and/or adjusting the position of sensor 183 relative to the arm pivot 184. It will

30

35

' also be appreciated that the cable tension could also be measured between roller 118
. and anchor point 122,

The above described embodiment permits a wide range of force sensor types
and sensitivities, and also permits simple calibration of the system for acourate pressure
measurements. In all cases actual syringe pressure will be a multiple of sensor force
which can be readily calibrated. '
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An alternative means of measuring fluid pressure in the syringe 121 is shown in
Figs. 5(a) and 5(b). In this embodiment, the syringe 121 is mounted to the c¢hassis 120
on a sliding base 162 and the forces associated with the sliding base are measured to
determine the fluid pressure in the syringe. A

In order to support the sliding base 162, the chassis 120 is provided with an
extension 165 which includes a phurality of guides 163 formed therein. The syringe -
121 is mounted between a pair of fingers 161 of the sliding base 162, and the sliding .
base 162 is free to slide along an axis parallel to the axis of the syringe 121 under
action of the pusher system 119. As shown, the guides 163 support the sliding base
162 and limit the axial movement of the sliding base. '

As the sliding base 162 moves under action of the pusher. gystem 119, the
forward end of the sliding base 162 bears force oute a conventional force sensor 164
such as a load cell, strain gauge, or a piezo cell mounted on the chassis extension 165
such that the sliding base is only able to move a few millimetres. As the syringe
plunger 129 is pushed forward all the opposing force is borne by the syringe flange
130, which in turn is applied to force sensor 164 via the sliding base 162, thus
measuring a force in proportion to the fluid pressure within the syringe. Friction losses
in sliding base 162 and guides 163 can be made negligible with the use of low friction
materials, ball bearing slides, or rollers (not Shown) to guide and support sliding base -
162, thereby allowing more sensitive and accurate measurements of the syringe
pressure. ' ‘ 4

Further, the instant of initial contact by the pusher systern 119 on syringe
plunger 129 can be reliably detected through the force sensor 164, allowing semi-
automatic priming of the injector unit (i.e. advancing the pusher system 119 to the point
where it touches the syringe plunger, and pausing the pusher system 119 ready for
lmmedtate injection with any further advancement).

In an altemative system, also shown in Fig. 5A, syringe force and pressure can

" be monitored through dual taught restraining cables 147 attached to the sliding holder -

fingers 161 at points 158, The tension in the either or both of the cables 147 can be
measured by various means, such as the deflection system as described in relation to-

‘Fig. 4, and is proportional to syringe pressure. It should be noted that by arranging the

twin cables 147 such that they are equal in length, located on a plane about the syringe
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axis, and equidistant from the syringe 121 axis, then there is no tendency for the
syringe and holder to tilt off axis whilst under pressure. This provides a very basic
sliding base system v:rtua]ly free of torsion, and therefore free of almost all friction.

It will also be appreciated that if pressure semsing is not regulrcd, the force
sensor 164 can be replaced with a simple micro switch or optical switch/interrupter (oot
shown) to detect only initial contact by the pusher system 119 on the syringe plunger-
129. As such, this sensing means could be employcd with existing injector units to -
provide enhanced control of the system for improved use and patient benefit.

Fig. 6 shows an alternative embodinsent of the system shown, in relation to Figs.
5A and 5B, for measuring syringe pressure. As in the previous embodiment, a sliding
base 162 is provided upon which the syringe is secured between a pair of fingers 161,
and the sliding base 162 is restrained only by a single taut cable 166 which is attached
to the sliding base 162 at point 159, whilst the other end of cable 166 is fixed to the
chassis 165 at point 168. Tension in the cable 166 is in proportion 10 syrmge pressure
and is sensed by roller 172 which deflects cable 166 by a few degrees. Roller 172738
mounted on the end of swing arm 170 which is allowed to freely hinge from pivot 171,
which is mounted on chassis 165. Force sensor 173 is also mounted on rigid chassis
165 and senses the force on the arm 170 and roller 172, thereby sensing a propdrtion of
cable tension and syringe 121 fluid pressure.

Cable 166 could altefnatively use twin cables, as in Fig. 5A, which would be
attached to two points 158 on fingers 161, in which case the twin cables 166 would
préferably lay parallel to the aicis of the syringe 121. A pair of rollers adjacent to the
pusher system 119 would permit the twin cables to take a 90 degree turn down to the
base of the injector unit where they are joined into one cable (as shdwn later in Fig 19)
which is then deflected with roller 172 (located elsewhers on the lower chassis 120 —
not shown) then attached to the chassis, wherein the pressure would be measured in the
same manner as Fig. 6. This twin cable arrangement significently reduces friction in
the sliding base 167 because all force is restrained in line with the force applied to the
syringe 121. Tt should also be noted that tension in the cable(s) 166 can be monitored
elsewhere in the injector unit by simply extending the cable sensor (via fixed rollers if

‘necessary) and terminating the cable elsewhere to the rigid chassis 120. This way, for

example, in an MR environment, the force sensor 173 could be logated towards the
base of the injector unit, away from EMI. '
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As mentioned above, in an MRI environment, the cable 166 would preferably be
made of strong non-conductive material such as Kevlar. It should also be noted that as
sengor 173 in Fig 6 is only measuring a fraction of the force on the syringe, the system.
enables use of a low force, low cost, readily available sensor such as piezo-type sensor.
More embodiments of sliding base syringe holders are revealed in Figs. 17 to 21(e) and
discussed below, any. of which may be coupled with a force sensor as revealed above in
Figs. 5 or 6 means for méasu;ing pressure. ‘ '

. Another alternative system 105 for sensing fluid pressure is revealed in Fig. 7.
This system 105 employs a small soft “bag” 181 mounted on the front face of the

_pusher system 119 forming an interface with the syringe plunger 129. A thin flexible

pressure tube 182 connects the bag 181 to a conventional fluid prossore tt‘ansducer 183,
and the whole system is filled with fluid (not shown). As the pusher system 119 is
actuated against the syringe plunger 129 to facilitate fluid expulsion from the syrmge
121, fluid pressure within the bag 181 increases and is applied to transducer 183,
thereby providing an accurate representation of syringe pressure. It will be noted that
the sensitivity of the transducer 183 is dependant on the surface area of bag 181 and |,
can be adjusted as required. Such a system is particularly sensitive in that very small
pressures can be detected, thereby also enabling the injector system to detect when the
advancing pusher first touches the syringe to enable priming of the injector system
prior to use. To enable the system 105 to be employed in a high EMI environment, the
fluid filling bag 181, tobe 182, and transducer 183 would be a non-conductive Wpe
such as oil, : :

Tn Fig. 8, there is shown a further embodiment 106 of the system 105 of Fig. 7,
wherein a smaller fluid or air filled bag 185 is employed to only detect contact between
the pusher system 119 on syringe plunger 129, Bag 185 is located in a central recess
189 on the face of pusher system 119, and is inflated so as to protrude beyond the face’
of pusher system 119. As-the pusher system 119 approachcs syringe plunger 129, the
bag 185 is compressed, causing an increased pressure throngh tubing 187 to fransducer
188 which in turn relays a signal to the injector it control circuitry (not- sﬁown)'
allowing dctccnorx of first touch between pusher system 119 and syringe plungcr 129 to
detexmine priming of the m_)ector unit. Transducer 188 could be located some dtstance
from the head portion 140 (for example in the basé of the injector unit protected from

~ EMD), and/or replaced with a simple pressure operated switch or similar.
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4 Tt will be understood by those familiar with the art that in all the above
mvcnnons for sensing fluid pressure in the syringe (Figs. 4 to 8) actual syring€ pressure
must be calculated after considering many proportlonal factors, such as, the surface
area of the syringe piston 133, area of the bag 181, the sensitivity of the sensors 164,
173, and 183; the degree of deflection of the cable 166 and 113, the position of the
rollers 172, 174 and 179, the length of the cable 113, the position of sepsors 173 and
183 on the arm, etc.

In mJ ector units that employ syringe-type delivery devices, the manner in which
the syringe is secured and supported within the unit is important to ensure controlled
and safe delivery of the necessary fluid to the patient. In this regard, Figs. 17 to 21G
describe various embodiments for performing this task to enable such units to accept 2
wide variety of syringe sizes and types, both proprietary and standard disposable
syringes, without the need for any special adaptors. Each of these embodiments is
applicable to any cylindrical syringe having a rear flange that can be supported by the
unit. ' ‘

Tn Fig. 17, there is shown an exploded three dimensional exterior view of a
syringe holder 260 according to one embodiment of the present invention, which is
shown in its assembled form in Fig. 18 with syringe 121 oriented for loading. The
holdsr 260 generally comprises two claws 261 which are mounted on hinged arms 262
and fixed to two axles 263. The axles 263 are supported within a base 264 such that

* claws 261 are able to pivot as indicated by arrows 277 of Fig. 18. An axtension spring

265 is extended between the two arms 262 in the manner as shown and attachcd to each
arm at points 275. The spring 265 acts to prov1de a force to the two arms 262 to bias -
the claws 261 together in order to securely hold the syringe barrel 271 between the two
claws 261. The spring 265 is chosen such that the force stored within the spring 265 is
strong enough to firmly hold the syringe 121 whilst pumping, but weak enough to
allow manual separation of the claws 261 to load and/or remove the syringe 121 once

~ emptied.

In order to ensure that the arms 262 are always angled symmetrically with

‘ respect to base 264 regardless of the degree of separation of the claws 261 and diameter
of syrmge barrel 271, two closely meshed gears 266 are fixed to their regpective axles
263. The gears 266 assist in epsuring that syringe 121 is always aligned with the 'axis
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267 of the pump pusher 268 regardless of syringe barrel 271 diameter. Syringe 121 is
aligned as shown and loaded into the holder 270 by first hand separating claws 261,
then lowering the syringe 121 in the direction indicated by arrow 272 between the
claws 261, which when released épring back togcther to securely and accurately hold
the syringe 121 in line with the axis 267 of pusher 268. To remove the syringe the
spring loaded claws 261 aro simply hand separated, and thée syringe is raised up clear of
¢laws 261. Tt is envisaged that claw opening and closing could be mptorised for

convenience or more secure holding of the syringe (not shown).

The base 264 of holder 260 may be fixed to the chassis of the unit, however for
sensing puposes, as described in relation to Figs. 5 and 6 gbove, the base 264 ip Fig.
18 can slide lopgitudinally parallel to the pusher and syringe axis 267. As in Figs. 5 -
and“ 6, the base 264 may be closely supported along cither side by two horizontal
channel shaped guides 269 which are both aligned parallel with axis 267 and fixed to
the pump chassis to allow base 264 to slide paralle] to the pusher and syringe axis 267
(as indicated by arrow 278). If required to slide, base 264 would preférably' be
fabricated from rigid low friction material such as Teflon or acetyl to minimise friction
errors in sensing, Alternatively, -conventional ball slides or rollers could be used
between base 264 and fixed guides 269, ‘

 T¢ will be appreciated that claws 261 can expand to accommnodate a wide range
of syringe barrel 271 diameters, whilst holding all sizes securely, and on axis 267 with
the pusher 268. It should also be noted that the opposing inside faces 273 of claws 261

‘are also parallel to the syringe axis 267 regardless of claw 261 separation. The pfoﬁle

of claw faces 273 could take many forms depending on the range of syringe types &

sizes to be accommodated.

As virtually all existing syringes consist of a cylindrical barrel with a flange 130
at the rear which may vary in relation to diameter and perimeter shape (ovoid, circular,
etc), syringe 121 is loaded with its flange 130 against the rear (as viewed) faces of
claws 261, This prevents the syringe barrel 271 from sliding forward through claws:
261 during delivery. . As such, this arrangement ensures that substantially all
conventional syringes can be used with the injector nvit and restrained therein. Further,
this arrangement enables easy rotation of a loaded syringe about its axis, thereby
providing convenient connection/disconnection of associated tubing.



WO 2005/102416 PCT/AU2005/000583

31

As shown in Figs. 18(2) and 18(b) the claws 261 of Figs. 17A and 1785 can be
detachable/removable.  In this regard, the detachable claws 350 have hollow .
receptacles 351 at their ends which are configured to slide over and attach to the ends’
of arms 262. Such an arrangement enables easy replacement and changing of the claws
350 to suit different types and sizes of syringes, and/or to emable the cover of the
injector unit to be removed, as will be discussed in more‘detail below.

To facﬂltatc moreased and effective gripping by the syringe holder 260 the

 syringes may be configured in a variety of ways, as shown in Figs 18(e)(i)-(v). All
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syringes shown are of the type having a barrel 357, plunger 358, and flanges 359. Fig.

18(c)(i) shows a syringe having flanges 359 in the form of lugs projecting from the
barrel at spaced intervals around the circumference of the barrel, whilst Figs 18(c)(ii)-
(iv) show syringes having single, double and triple flanges 359 formed on their barrels.

By prov1dmg syrnges for use by an -injector woit having a variety of ﬂange
conﬁguratmns 359, syringes can be categorised for delivering speclﬁc dmgs. This may
be necessary where some drugs/fluids require administration at certain flow rates and
conditions, which may not correspond with the capabilities of the injector unit.

In. order to ensure that the appropriate drugs/fluids are administered by the
appropriate injector units, the claws of the syringe holders are configured in order to -
only accept a specific type of syringe. As the claws 350 of the syringe holder 260 as
shown in Figs 18A and 18B are interchangeable, the manner in which the syringe
holder can be adapted to receive only a specific type of syringe can be readily applied.
This aspect of the invention is shown in Figs. 18(e) and 18(£) in. which a special syxjiﬁge
holder 374 baving slotted claws 375 which have slots 378 designed o accept oniy the

. flanges 359 of correspondingly flanged syringe 357. Arrows 385 indicate how the

syringe 357 is loaded into claws 375 so that the syringe axis is aligned with cross 383a.
In thig arrangement, the ¢laws 375 are fixed to arms 262 which are fixed to'and pivot
about their respective axles 263, however, as discussed above, it is also envisaged that
the claws 375 could be removable and mterchangeable with the arms 262. The manner
in which the syninge holder operates is Substantlally as described previously with
regard to Figs. 17A and 17B.

It. should be noted that multiple flanpes provided on the syringe and
corresponding. slots or grooves in the holding claws substantially improves the grip by

the holder on the syringe under heavy loads. In this regard, under load the arms 262 are
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pushed forward against rubber stops 380 which grip the arms preventing them from
opening under load, thereby securely holding the syringe in position for flmd deli.very,
Axles 263 pivot and slide in holes (at axles 263) in the holder frame 376 which is
fabricated from a rigid metal box section having four vertical sides only. Two slotied
slides 377 are attached to the base of frame 376 by serews 379, and are fabricated from
fow friction material such as Teflon or polypropylens. Slides 377 have slots 378 in
cither end to allow the whole assembly of holder 374 to slide frecly along the axis of
the syringe for sensing purposes as discussed previously and described later in relation |
to Fig. 21(c). Under load, holder 374 and the associated syringe 357 are restrained by
cables 381 and 382 which arc attached to frame 376 symmetrically about the syringe
axis at points 386 and 387 for the purpose of sensing, also described later in Fig. 21(c).

Fig. 18(%) shows a three dimensional obliguie view of the claws 375, arms 262,
and axles 263 only of the syringe holder 374 in Figure 18(¢) and (f). Fig. 18(h) shows
a front view of syringe 357, claws 375, arms 262, and axles 263 only of the syringe
holder 374 in Figure 18(¢) and (f). '

~ As discussed previously, Fig. 18() shows replacement claws 389 (or 390) which
may be used as alternatives for claws 375 in Fig’s 18(¢) and (f) for securely holding
syringe 357 having different configurations and administration requirements. In the
embodiment shown, claws 390 in Fig 18(i) are quite short, thereby providing adequate
support for a single flanged syringe and allowing better visibility of the syringe. Fig.
18(j) shows a frm';t view of claws 389 and 390 holding a flanged syringe 354.

. With regard to Figs. 18(k) and 18(1), there is shown a claw 393 suitable for
holding a simgle flanged syringe (only one of 2 symmetrical claws are shown). To load -
a flanged syringe such as 353 of Fig. 18(c)(ii) into a pair of conical claws 393 the
syringe is positioned in the usual manner. If the flange of the syringe is lobated‘at the
rear of claws 393.the operator need only pull the syringe forward forcing the jaws open
and allowing the flange to slip into EIO0VES 194, '

The manner in which the syringe holder described above can be used to ehhal}ce
fluid flow control from the syringes will be discuss‘ed in relation to Fig. 19. In this
figure, a syringe 121 is removably clamped between claws 261 of holder 280, with
pusher 268 advanced to contact the syringe plunger 129, resulting in the injector unit
being primed ready for immediate fluid release. Tn this position, syringe 271 is
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" restrained by the holder 280 firmly against the considerable forces possible under high

pressure compression typically found with jmaging contrast injectors. Even if arms
262 should flex slightly under load it has been found that claws 261 tend to clamp the
sYﬂnge' even tighter adjacent to the rear flange arca. - As discussed previously, the base .
of the syringe holder 280 is able to slide freely parallel to the syringe axis. this:mal'
twin cables 279 in Fig. 19 ace attached at points 259 symmetrically to each arm 262 of
holder 280, preferably on the same plane as the syringe axis, - Cables 279 may be
attached to a force sensor at some point behind and preferably on axis with the pusher
(not shown), or fed over twin rollers 292, and at some point preferably below the
pusher, are joined together into one cable 258 which is attached to a force sensor 257.
Tn this arrangement, as discussed previously, the force exerted on the syringe 121 can’
be readily determined to provide an indication of the fluid pressure in the syringe as
described in relation to Figs. 4 to 6. Alternatively cable 258 may be clamped to the

. chassis, and its tension measured in the same manner as that shown in Fig. 6, 1.&. By

using a swall force sensor to monitor a small deflection in the cable.

An alternative manner in which the syringe holders of the present invention can
be used to aid in fluid flow control is shown in Figs. 21 (¢) - (g). Here is'shown an
arrangement, including the sliding syringe holder 374 restrained by cables 281 and 282
for the purpose of measuring the force on the syringe (mot shown) as previously
described for Fig. 18(¢) and (f). In this arrangement, the syringe holder 374 is able to
slide freely patallel to the pusher axis 267 on chassis angles 411. Attached to the base

‘of sliding holder 374 are two low friction slides 377 which have slots 378 which fit and

slide along the inner edges of chassis angles 411, Restraining cables 281 and 282
(described previously for Fig. 18(e) and (f)) are attached to sliding holder frame 376 of
holdsr 374 at points 386 and 387. Tt should be noted in Fig. 21(e) that cables 281 and
282 should lie on the same plane as the syringe axis to avoid any torsional forces on the
holder 374. Cables 281 and 282 pass freely through holes 412 in chassis wall 413, over
the face 419 of force sensor 414, and are termjnate&, at points 415 and 416 to a rigid bar
418 across the rear of chassis angles 411. Sensor 414 is fixed to chassis angle 411 by
screws 417. Note that cable 281 is deflected slightly by sensor 414, thus a small
proportion of cable tension. (and tberefore pusher force and syringe pressure) is

_ measured by sensor 414. Note that only one cable of the pair 281 and 282 need a force
‘sensor 414 to monitor syringe force, as’ long as the associated control system (not

shown) takes into account that each cable bears half the force. This system provides a .
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simple and aceurate means fo measure Syringe pressure, as well as detect the moment
of first contact of the syringe plunger 129 (shown in Fig. 21(¢) by the pusher 268).

Another advantage of the syringe holders of the pruxein invention is the rabil‘ity

of the holders to accommodate a wide variety of sizes of syringes. Most syringes are

made with a bore and length having similar proportions to the nominal capacity, and

are available in standard sizes common to most major mamufacturers. Figs. 20 (a) (0)

and (c) show the inside faces 273 of claws 261 are shaped to comfortably support both
the largest and smallest diameter syringes requiréd, Fig. 20(a) shows holder 294, a
front view of the present invention holding a relatively large diameter synnge an

© 20(b) shows a front view of the same holder 294 holdmg a medium diameter syringe,

whilst Fig. 20(c) shows a front view of holder 294 holding a small diameter syringe. In

- all cases the syringe flange 130 can be seen at the rear of claws 261. The faces 273 of
" claws 261 are preferably shaped as illustrated, with two parallel concave troughs

having radii approximately matching the largest and smallest diameter syringes to
which the hdlder is intending to accommodate, For syringe radii in between, it should
be noted that the claws 261 support the syringe barrel 271 in at least four apprqxlmatcly

g . symmetrical points around the barrel 271 perimeter, and over the full length of claws

20

261, thereby ensuring the syringe barrel 271 is held firmly, and always aligned with
pusher axis 267 (the axis 267 is shown in Figs. 17b and 21a).. It will be appreciated by.

‘ those familiar with the art that claws 261 counld take many different sbapes, the most

obvious being “V* grooves. In any regard, regardless of the barrel diameter of the

syringe 271, the syringe holder is capable of aligning a variety of sized syringes from

25

the largest to the smallest diameter with the axis of the pusher, as indicated by dotted
centreline 291, and height lines “H” to ensure controlled and efficient delivery of flwid - -

T toa patlent

30
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Claws 261 are preferably moulded from or coated with soft plastic (particularly-
iinportant. for holding fragile glass syringes) and reinforced internally within by rigid
metal fingers (not shown) extending from their respective arms 262, or in the case of
Fig. 18(2) & (b) receptacles 351. - Decp tadial grooves (as shown previously in Figs. '

18(1) (), & (I) may be moulded into the inside faces of claws 261 to. accomfnodate -

varying syringe flanges as discusscd previously., A tab extension (not shown) could
also be-added to the tap of one or both claws 261 fo aid separation of the claws 261

~ during hand loading of the syringe. Thereby loading and unloading of the syringe need

only require one hand and takes only seconds. Syringe. 121 can be rotated in any
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orientation, and generally.nd twisting or locking is required, unlike most existing -
holders. Holder arms 262, axles 263; gears 266, and guides 269 shonld be fabricated .
from strong materials such as stainless steel (non-magnetic for MRI).

Whilst most syringe designs comprise a barrel and a plunger to expél the ﬂmd
from the barrel, Fig- 18(d)(i) shows an alternative syringe &ésign 360 having no flanges
on the barrel, and no plunger on the piston 363. A similar syringe 361 is shown in Fig,
18(d)(ii) also having no plunger, but having a flange 365. In order to use such syringes
360 and 361 in an iujector unit of Figs. 1 to 16, an extended pusher 364 is required
which extends into the syringe to contact and’ move the piston 363. As discussed in
detail above, syringe 361 having a flange can be accepted by the syringe holders of the
present invention, however syringe 360 cannot, and must be held within an adaptor .
such as 366 in Pig. 18(d)(iii) to secure it in position for uge. The adaptor 366 is
essentially a transparent tube 369 having an open front portion through which the -

_syringe 360 is inserted, and a flange 367 at the rear which can be supported‘within the

syringe holders of the present invention. A catch 368 of adaptor 366 holds the syringe .
362 inside adaptor 366 whilst the extended pusher 364 drives the piston 363.

Whilst the syringe holders described above can be employed in most injector
imits used for ‘administering fluid to a patient, some specific applications may require
the injectors to operate at particularly high pressures, particularly injectors used for X-
1ay, Computerised Tomography (CT), and MRI contrast. For these applications it may
be ne‘céséary‘ to further strénpthen the syringe holders so that they will not fail under-

“high delwery pressures. Ag'shown in Fig. 21a, the syringe 121 is shown unloaded snd

above holder 297 for clarity. In this arrangement, two robust restraints 281 are
provided adjacent the arms 262, and are attached to the ng1d guides 269, effecﬁvely
forming an exiension of the injector chassis. Two thin resilient rubber pads 282‘are.
fixed to the rear face of the Testraints 281, upon which the holder arms 262 ar¢ pressed
firmly when the injector is pumping fluid. Fig. 21(b) shows 4 side view of Fig. 21(a)
having syringe 121 securely mounted in holder 298. Tt can be seen from Fig. 21(b) that
when the injector is pumping under high pressure, pusher 268 compresses syringe
plunger 129, and forces barrel 271 and its flange 130 forward as indicated by arrow

~ 287, exerting substantial, load on the claws 261 and arms 262. Axms 262 and base 264 '

are free to slide in the axis of the pusher and syringe until arms 262 press ﬁrmly against
pads 282, as indicated by arrow 287.
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In this regard, the restraints 281 with pads 282 act to support the arms 262 when
under heavy load, and ensure syringe 121 cannot be dislodged or inadvertently-
removed because arms 262 and claws 261 cannot separate whilst armis 262 are pressed
against and firmly gripped by fixed rubber pads 282 wluch are attached io the robust

: restrmnts 281 which are firmly attached to or form part of the ngid pump chassis.

In some applications, such as pain control or the ddministration of chemotherapy

drigs, it is important that the syringe cannot physically be removed during, :ﬂui‘d

delivery. In such circumstances it may be necessary to replace the rubber pads 282
with toothed plates (not shown) that mesh with corresponding teeth provided in the

arms 262. The teeth would ideally be meshing “saw tooth”. in section (not shown)
ensuring the arms could not be séparated whilst under load. Tt can be seen that once the
pusher 268 is retracted arms 262 dre no longer pressed against pads 282, and hence

claws 261 are now easily separated allowmg removal of the syringe 12} (of Fig. 21(a)
and (b))

To assist this separation a short extemsion Spnng could be added between the

‘ shdmg base 264 and mjector chassis (not shown). Note that holder base section 264
_could be fixed to or be part of the injector cha531s‘269, and the very small sliding action ‘

of arms 262 could be achieved by axles 263 sliding along their axis.

In accordance with another aspect of the present imllention, it will be appreciated
by those 'familiar with the art that, in order for a syringe injector unit to deliver correct
flow and volume for a particﬁlar syringe, pusher 268 travel and speed mmst first be
calculated with reference to the internal bore of the syringe barrel. In almost all cases :

bore diameter increases -with syringe volume, and bore is rchably mdlcatcd by
measurmg barrel outer diameter.

In Fig. 21b, a rotational sensor 288, such as a slotted vane, potentiometer- or
absolute digital encoder is shown, coupled to one arm 262 of the syringe holder via
axle 263. Bracket 289 attaches the body of the sensor to the sliding base 264 forniing e
point of reference for sensor 288, It can be seen that the sensor 288 is able to measure
arm angle, which is directly propc;rtional to syringe diameter. This information enables
the control circuitry (not shown) of the present invention to: | '
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() Measure the syringe barrel 271 diameter and hence adjust pusher spe;d
and stroke appropriate for the syringe, thereby delivering the correct flow and volume,
md o |

(b) detect when a syringe is being loaded, or removed, thereby respond with
an appropriate menu, pusher retraction, or alarm, ctc., and/or

(¢) -measure the approximate syringe size and automatically prompt the
operator to identify the exact syringe type or brand from a limited range pre-
programmed mto and identified by the pump control system

Figs. 21(c) and Zl(d)JShf)W front and side views of a vane encoder 405 coupled
to a syringe holder of the present invention to enable the unit to operate only when the
cotrect syringe, having the desired diameter, is loaded into the syringe holder of the

. unit, This ensures that the pump control system comprmscs the syringe at the
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appropnate speed and pressure smtable for the desired application.

The vane encoder 405 consists of a vane 406 fixed to tho arm shaft 263, such
that it is able to rotate with the arm shaft as the syringe holdér opexis and closes. An
optical interrupter 409 is also provided which reccwes the outer penmcter of the vane
406 as the vane rotates. Vane 406 has a very narrow, slit 407 which is adjusted so that
the slit 407 coincides with the fine beam of interrupter 409 only when the correct

~ diameter syringe is loaded into the syringe holder. If the slit 407 does not coincide with

the beam of the optical interrupter 409 following loading of the syringe, then the
injector is not permitted to operate. For the sake of clanty, other components of the
‘holder have been omitted from Fig. 21¢ and 21d It should also be noted that several ‘

‘sets of vaue and interrupter could be coupled to one holder, thus allowing the pump to

identify several different size syringes, and safely operate with several specific sizes,

It will be appreciated that in' each of the abo‘fe described embodiments, the
syringe holders could be fixed to the chassis of the injector unit, particularly in cases-
where sensing of syringe force 1 is not required, or is achieved by altenative means.

- Further, the syringe holde;s could be motorized to open -and close either automatically

or when instructed by the operator. Such an amangement would also improve the
seourity and safety of the syringe and the motive power required to operate the holder
arms 262 could he proﬁdcd by a conventional electfic motor, which, for MRI injectors,

could be located in the bass of the unit and coupled to the syringe holder via taut

cables. Altcmaﬁvely the syringe holder(s) could be opened and closed directly (not
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shown) with the aid of a pneumatic or hydraulic piston, or Shape Memoty Alloy wires

- which-extend and shorten with the application of an electric current.

~ Many existing contrast injeclor units employ two syringes — one for the contrast
agent, and the other for a saline flush to “push™ the drug threugh the connecting tubing

~ and the patient’s veins. In this regard, each of the above described embodiments could

be duplicated to ‘form such a multiple channel injector. As a-result, multiple
independent drive systems would be required, and as the drive systems of the above
described embodiments are located in the pedestal and base of the unit, a multiple
channel injector would require multiple pedestals. Having two relatively thin pedestals’

" also permits the use of readily available, low cost PVC or aluminium tubing.

Fig. 22a shows such a dual pedestal unit 300 empléying a standard multi leg o
chair base 304. In this arrangement, unit 300 has a head 301 supporting two syringes
302, two separate inclined pedestals 303, and a common base 304 fitted with castor

. wheels 310. A centre post 305 is located in the central hole of the chair base 304, and

. extends part way up to meet and support the two inclined pedestals 303 at attachment
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. point 306. In this regard, a brake arrangement can be readily provided in post 305 to

provide stability to the umt as shown in Fig. 23 and dJscussed below.

Figs. 22(5.) and 22(b) show the preferred 'novel shape and conﬁgqmﬁon of
external cover 293 for a dual syringe injector 420. A ¢ontrol panel 421 is shown on the
upper rear of cover 293. Below that the twin pushers 268 protrude from the reart of two
recessed tronghs 401 Syringe holder claws. 389 can be seen attached to their
coresponding arms 262, which protrude from notches 400 in cover 293. This shape

.and troupghs 401 freely shed any liquid spills or leaks from the syringes etc. Fig. 22(b)

in partlcular, shows a close up view of the pushers 268, recessed troughs 401, and'
holder claws 389.

. Tt should be noted that alfhough many of the injector units described above have
been shown_ without wheels, it is highly desirable for medical fiuid pumps to be A
manoeuvrable, and hence be wheeled from location to location, Fig. 23 of the present
invention illustrates a cross sectional view of a brake system 307 which could be
incorporated into the base of any wheeled syringe mJector umt to discourage the nnit
from rolling as required. '
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In the embodiment shown, a base hub 308 forms the centre ‘of legs 304 and
castor wheels 310. A rigid brake post 311 slides vertically (indicated by arrow 312)
inside hub 308 which is preferably mounted inside the base of centre post 305. A
rubber foot 314 is attached to the bottom end of brake pqst 311 providing friction with
the floor 115, thereby discouraging the unit fror rolling when stationary. An extension
spring 316 pushes brake post 311 and foot 314 down against the floor 115 for exira
friction if required. Spring tension must be chosen so that there is no tendency for the
brake post to lift the castors off the floor. An alternative to spring 316 would be to
simply make post 311 from heavy metal, and /or attach heavy cylindrical weights to
post 311 (not shown). A lever or cable (not shown) could be attached to the top end of
post 311 to lift the post 311 and rubber foot 314 up off the floor to relcase the brake

* when the operator wishes to move the pump. FPreferably, the brake release means

would be incorporated into the manoeuvrin g handle of the unit (not shown). Such a

' :breakmg arrangement is particularly ubeful inan MRI envnronmcnt wheré thc it may .
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-be atiracted to the magnctlc field of the scanner.

The manner in which the various. components of the injector unit are controlled
can be appreclatcd by referring to the simplified electronic control circuit of Figure: 24,
There is shown'a circuit for controlling the motor drive to achieve smooth and precise

_control of sydnge fluid flow, as well as llmmng Syringe pressure by rcducmg ﬂow

should a restriction or the like occur.

As shown, motof 111 may be mf:chanicaliy coupled to the syringe by various
means as previously. Sensor 330 (in this example a resistive potentiometer) is also
mechanically coupled to ‘the syringe drive (coupling indicated by dqtted line 331)
thereby sensing syringe position (i.e. position of the piston in relation to the syﬁnge). .
Power Amplifier 332 drives the motor 111 with a ‘v‘oltagc‘ “E” proportional to the
difference between the Tntegrator 333 output voltage “C”, and the syringe position
voltage “D”. Under normal ﬂnresi:.riéted conditions the integrator voltage “C” risesina -
linear and constant manner (set by variable resistor flow control 334), and the power
amplifier 332 drives the syringc with a rclativcly steady voltage “E”, maintaining a
steady compression of the syringe, producmg a constant flow, as illustrated in Figure
25 up to time T2. Should the syringe plunger position (and therefore flow) slow then

' potentiometer voltage “D" will fall behind integrator voltage “C”, in which case power

amplifier 332 will detect and amplify the difference, thereby applying more drive to the .
motor until the plunger and voltage “D* catches up with “C”,
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Supply c_:urkent to power amplifier 332 flows from supply voltage “S™. through
sense resistor 335, and given an efficient amplifiex 332 is essentially equal to motor 111
eurrent, which is proportional to motor power output and syringe pressure. Hence the
voltage across resistor 335 is proportional to'syringe pressure, and is sensed at point

. “A”. Voltage “A™ is fed proportionately to amplifier 336 by resistive divider network
" 337. Offset (j.e. baseline output voltage) of amplifier 336 is set by variable

potentiometer (pot) 338 so that under normal conditions (i.e. unrestricted flow from the

‘syringe) the output from anplifier 336 (voltage “B”) is “below” ground (ie. if

permitted would be negative, but in this case limited to ground voltage). Hence pot 338
sets the “threshold” point at which voltage “B” begins to rise; and as such determines

. the pressure at which amplifier 336 becomes active, and where pressure is limited. Gain

* of amplifier.336 and hence responsc of the system is set by feedback resistor 339.
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At rest, thc plunger position is determmed by voltage “R” which is dcnvcd from
a pot control for the operator, enabling manual adjustment of the start posmon for the
plunger. Under normal conditions voltage “BY rests at ground (i.e. zero volts) Fluid
flow is determined by the SIOpe (or rate of rise) of voltage “C”, which is in turm 1§

* determined by current 323 to integrator 333, which is controlled by the product of flow
esistor 334 and the voltage across it (being the difference between the fixed reference -

voltage “R” (the operator’s plunger position control) and amplifier ontput 336 iroltagc
“B’?); all of whidh are quite steady for a given start position, flow setting, and

. unrestricted flow. Shonld flow resistor 334 seiting be reduced then integrator current
1323 is reduced, and voltage “C” rises at a reduced rate causing reduced drive to the

motor, and reduced flow from the syringe. Sw1tch 340 starts the pump by opening, and
terminates the integration and pumping by closing, discharging capacitor 341.

Figure 25 shows simplified waveforms for vaﬁous parafr_:cters of the circuit in
Fig. 24 (and later Fig. 26) with respect to time in relation to maréaging a situaﬁon where
pressure restriction is sensed in the systern. Normal operation is shown from the start
time T1, until T2 when an abnormal restriction occurs-in the flow from the syringe
outlet. At time T4 the restriction is cleared, and by T5 normal flow is resumed.
Referring to both Figs. 24 and 25, circnit opcratlon and waveforms are described in -
greater detail as follows:



WO 2005/102416 PCT/AU2005/000583

41

~ When switch 340 is opened integrator output at “C” begins to rammp up linearly
with a slope controlled by the setting of Flow control 334 and the voltage across it. The

- voltage at “B” is normally zero (ground), however should syringe pressure rige é‘bovc
the preset limit (as seen by waveform “E” at time T3) the voltage at “B” begins to rise,

reducing the voltage across Flow resistor 334 and thereby reducing the slope of the

‘Tamp at “C”, thereby reducing drive to the miotor and syringe until pressure is reduced
‘down to or below the preset limit set by pot 338. The feedback loop Process will

continuously reduce drive down to zero'if necessary (in the case of a completé

blockage of flow) until pressure is controlled. Should the blbckage clear (as shown at

10

15
. except network 337 has been substituted by a piezo resistive force sensor 183 mounted -
- in a pump 102, Almost any force sensor including those deseribed in relation to Figs. 4

time T4), the feedhack loop will reduce the voltage at “B" back to zero, and normal
current 323 and syringe flow are resumed at time T5. Once the syringe is empty switch
340 is closed (shown at time T6) and voltage “C” quickly retumns to the reference
voltage, driving the motor in reverse, retracting the pusher back to the-start.

4Fig.. 26 reveals simplified circuit 325 which is very-simillar. to- 320 in Fig 24

- to 8 could be substituted for 337 in Fig. 24. It will however be appreciated that should
 a different type of sensor be used for 183 in Fig. 26, extra interface. circuitry may be

20
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‘required to incorporate the sensor. It should also be noted that with circuit 325 more . .

precise control of the fluid flow is possible as sensors such as 183 can measure syringe
preSSure more directly than that shown in network 337 bf Fig. 24.

In Fig. 25 Wavefonns “A” to “F” apply equally to Flgures 24 and 26 In clrcmt
325 of Fig. 26 voltage “A” from sensor 183 is representative of pressure, and is
amplified by 336 which has pressure timit (DC offset) adjustment at 338. As in Fig 24,

_amplifier 336 output “B” is normally at zero volts, unless & restriction to fluid flow
- occurs (time T2), in which case “B™ begins to rise, reducing integrator current and

- reducing the “slope™ or rise of voltage “C” (from time T3), thereby reducing drive to

30
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‘the motor and flow from the syringe until pressure is stabilized (as shown by waveform

“E™) or reduced. When the restriction is clcared (time T4) pressurc and flow return to
norma] (after time T5).

It should be noted that force sépsor 183 in Fig. 26 could be located at vatious ,
alternative positions for sensing syringe pressure as has been described. in relation to
Figs. 4, 5, 6,,19 and Figs. 21 (f) and 21 (g).
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‘It should also be noted in Fig. 26 that the syringe position potentiometer 330 is
mechanically coupled (represented by dotted line 343) to the syringe pusher rollér 118
(rather than coupled to the motor as indicated in Fig. 24), providing more acturate '
momtormg of syringe piston movement, thereby more precise control of finid ﬂow In’
Fig. 26 injector unit 102 is shown by way of example, and operates in the manner as

" described in relation to Fig. 4. Note that the motor 111, geatbox 112, and réel 116 are

shown as one’ assembly in Fig. 26.

It should be noted in Fig. 25, the dotted curve in waveform E (Syrihgc pressure)

clearly shows that had no limit been set the pressure would have drastically exceeded

the desired level, -

. Waveform “F” in Fig, 25 clearly shows that both cirowits 320 and 325 maintain

“consistent flow unless the set pressure limit is breached, during which time flow is

reduced but continues as close as possible to the desired flow, and within the maximum

. permissible set by the pressure limit. In this manner éll safety concerns are met, and

the pumping is allowed to continue or even resime normal flow shou]d the restnctxon .
olear, as preferred for most medical flnid pumps. ‘

It will be appreciated that the electromo control system descnbed above in’
relation to Figs. 24 to 26, is particilarly suited to a medical scanner environment such_
as an MRI scanner environment. In this regard, unlike most control and drive systems
employed in existing mJector units, the above described clectronic control system
drives the motor with direct current (DC) which eliminates electromagnetic radiation
found in most. existing pulse width modulated pumps. Also, the analog circuits of the
present. invention cmploy no clockmg or switching and operate at virtually DC
frequencies, and hénce are relatively immune to any EMI from the scanner because it

-only induces relatively hlgh frequencies. As the above described control system. has no
~ computet, software, touch screens, pulse width modulatlon, or digital control ctrcmtry, ‘

its operation is unlikely to be corrupted, which is of particular benefit in the high EMI

environment of medical scanners. The above described comtrol systems lend

35

themselves easily to the use -of digitally controlled flow . resistors such as binary
thumbwheel switches or d1g1ta11y selected flow resistors, providing precise control of
flow, without suscepubmty to EML
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The above described injector systems provide many improvements over existing
medical fluid pumps, particularly for use in a medi¢al scanner environment. Vatious
means for improved transfer of motive power from the motor and base to the top

-mounted pump device are revealed. The present invention allows heavy and often

ferrous motor and drive components to be mounted in the base, improving pump
stability, as well as reducing magnetic interaction and EMI between the pump and other
equipment nearby.. Most of the novel drive transfer means revealed dispense with the
large metal components such as lead screws and drive shafis commonly found in

- existing pumps.- Various novel improvements in drive efficiency and monitoring

accuracies are revealed. The present invention provides several low cost, reliable, and
non-elastic means for transferring motive power from motor to syringe. The preferred
drive embodiments permit the head umit to be tilted without affecting the drive transfer
means between basc and head,

Other inventions revealed permit the use non-conductive cable to semse
parameters such as plunger movement and syringe pressure, allowing essential sensors.
to be located in the base, thereby avoiding the wse of wires and agam ‘Teducing
magnetic interaction and EMI between the pump and other equipment nearby.
Furthermore novel embodm:ents pcrmlt accurate measurement of high forces uuhzmg

,rclatlvely low cost sensors.

Vanious other novcl drives are revealed for ‘syringe and peristaltic pumps having

' the motor in the base which are particularly svited to an MRI environment, Most of the
- drive means revedled permit the use of absolute position rotational sengors which allow

precise monitoring and do not lose track of thieir posmon if the control system €ITS, oI
power is interrupted.

Various improved means for detecting contact between pusher and syringe are
revealed, providing precise, consistent, and relidble operation compared to existing
methods. Some contact sensor embodiments are itmrnume to EMI and as ‘such
particulatly advantageous in an MRI environment. '

At least one present invention reveals a novel means for holding syringes in a
medical pump, supporting a wide variety of types and sizes without the need for special -
adaptors or modifications as found in most existing syringe pumps. One embodiment

of the novel holder is able to detect the presence of a syringe, as well as measure its
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diameter and thereby p'érmit the control systein to adjust compression speed and strbke
appropriately. Various embodiments of the novel holders also exhibit novel means for
monitoring Syringe pressure, some means parncularly suited to pumps used with

- medical scanners, At least one embodiment of the present syringe holders is able to
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withstand very high loads making it partlcularly suited to contrast mjectors A synnge .
mounted in another novel holder is difficult or 1mp0551b1c to remove until the pumping
is cc:mplcte

A novel dual pedestal pump is revealed which is particularly suited to dual
syringe pumps, is easily fitted to a conventional Smgle holed base, and penmts the usc

' of readily available rigid tubing.

A novel braking system is revealed whach prevents the pump from rollmg
undemrably due to attraction ﬁom the scanner, sloping ﬂoor, ete.

A novel electromc ¢ontrol systam 15 revealed which maintains precise control of

flow, yet should a restriction oceur is able to mamtam maximum possible flow whilst

keeping pressure within safe limits, The circuit is particularty suited to medical scanner
environments such as MRI and CT because it produces virtually no EMI, and is also
relatively mmune to EMI from scanners. This. system also lends itself to switch or
digifa‘ily selected resistprs for acourate control of flow, without susceptibility-to EMI.

It will be undcrstood by those famdlar with the art that any one or many of the
inventions described above could be applied to any standard medical fluid pump, and
used in any other environment. It will also be understood that various combmahons of
the above revealed 1nvent1ons are possible, depending on the application.

It will be appreciated by petsons Skl]lcd in the art that numerous variations
and/or modifications may be made to the invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embogdiments are, therefore, to be considered i all respects as
illustrative and not restrictive.
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CLAIMS:

1. An injector unit for mJectmg a patient with flvid during a medical mjectwn
procedure, the injector unit compnsmg

a bead portion oonﬁgurcd to receive at least one ﬂuld container containing said
fluid for injection, and housing an injecting means operable to eject fluid therefrom; -

a base portion configured to, support said ‘injector unit and adapted to house a '
drive means for providing motive force to operate said mjectmg means; and :

an elongate body portion, for supporting said head portion in a position relative
to said base portion and for bousmg g drive transfcr means for transferring motive force
from said drive means to said injecting means, the drive trausfcr means comprising at
least one cable extending between said drive means and said injecting means.

2. An injector unit according to claim 1, wherein the at l'ea.st ‘one fluid container is
a syringe having a plunger disposed therein.

3., An injector unit according to claim 2, wherein the injecting mieans comprises at
least one elongate rod clement which is movable in an axial direction to contact and

“depress the plunger of the syringe to gject the ﬂuld therefmm

4. An injector unit according to claim 3, wherein the clongate rod element is
arranged to travel along at least one roller and thc axial movement of the clongate rod -
clement is ax1a1 rolling movement. '

5. . An injector unit according to claim 4, wherem the elongate rod element has a

- proximal end and a distal end, the proximal end being the end which contacts the
 plunger of the syringe to eject the fluid thérefrom,

6. An injestor unit according to claim 5, wherein the proximal end of the elongate
rod element has a closed face to ensure that even force is apphed to the plunger of the

syringe.

7. An injector unit according to any one of the preccdmg claims, wherein the drive
means comprises a motor that prov1des a substantlally rotary motive force to an
associated drive shaﬁ
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8. An injector unit according to claim 7, wherein a first cable ig attached to the

drive shaft at a first end and to the distal end of the elongate rod element 8t a stcond

end, .

9. An injector umnit according to claim 8§, wherein the first cable is.an'angcd to
extend along a length of the substantially axis of the elongate rod element

10.  An injector umit according to cléim 9, wherein rotation of the drive shaft in a
first direction increases tension in said first cable causing said first cable to move in
said first direction, thereby moving said eloﬁgate 1od element in an-axial direction to
contact and depress the plunger into said syringe to expel the fluid therefrom.

11. An 'injectot unit according to claim 10, wherein said drive transfer means
compnses a second cable attached at a first end to the drive shaft and at a secoud end to )
the proxlma.l end of the elongate rod element.

12, An injector vnit according to claim 11, wherein the second cable is arranged to

extend along a length of the axis of the elongaie Tod elemenf1 in a difection opposite to
said first cable.

13.  An injector umt accordmg to claim 12 wherein rotanon of said drive shaft in

.- said first direction releases tension in sald second cable causing said second cable to

25
direction opposite to said first direction causes a decrease in tension in said first cable

30

move in said first direction.

14.  An injector unit according to ¢laim 13, wherein rotation of said drive shaft in a

and an increasc in tension in said second cable, thereby causing said elongate rod
element to move in an axial direction away from said plunger.

15, An injector unit according to claim 14 wherein both the first and the second

cables are attdched at respective first ends to a re¢l ﬁxed to the drive shaft.

16.  An injector unit according to claim 14, wherein both the first and second cables

- are attached at respective first ends to & nut, driven by a lead screw in contact with the
35

drive shaft of the motor.
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17. An injector unit according to any one of the preceding claims, wherein the first

. and second cables may be in the form of 2 wire, cha.m, belt or cord are made from a

non-stretchable and/or non-metallic and/or non-conductive material.

18. An injector it according t6 claim 17, wherein the first and sccond cables are -

made from Kevlar or carbon fibre.

19. . An injector unit according to any one of the preceding claims, wherein the head
portion is able to be tilted in relation to the base portion and the elongate body portion.

20. An injector umt according to claim 10, wherein the axial pesiﬁcnn and/or speed
of the elongate rod element is monitored to determine the flow rate of the fluid expelled
from the syringe. '

21" An injector unit acéording to claim 20, wherein the. axial position and/or speed
of the elongate rod element is monitored by measuring the rotational speed of the drive .
shaft. ‘ |

22. " An injector unit according to claim 20, wherein the axial position and/or speed

of the elongate rod element is monitored by measuring the rotatxonal speed of at least
one of the rollers which guide the elongate rod element.

23. . An injector unit accoi'ding to claims 21 or 22, wherein the rotational speed is
measured by a rotational encoder or potentiometer.

24, An injector unit acébrding to claim 10, wherein a sensor is proﬁdcd to measure
the tension in the first cable to determine the pressure of flnid expelled from the

syringe.

23,  An injector unit according to claim 24, wherein the sensor ‘comprises an'arm
hingedly- mounted at one end to the injector unit for deflecting the first cable, and the
ténsion in'the first cable is determined by measuring the force applied by the first cable
dggﬁnst the arm,

26.. An injector unit according to claim 25, wherein thé free end of the arm

- comprises a roller which contacts the first cable to deflect the cable,
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27.  An injector unit according to claim 25, wherein the force applied by the first
cable against the arm is measured by a piezo-clectric sensor. '

28. An injector unit accor;;ljng to claim 25, wherein the méasured tension in the first
cable is directly proportion'al to the syi‘inge fluid pressure.

29. . An injector unit a.ccordmg to claim 5, wherein the proximal end of the clongate
rod element has a sensor for determining contact with, and/or pressure applied to, the

plunger of the synnge

30, An imjector unit according to clamm 29, wherein the sensor is a fluid-filled bag -

- located on a contact surface of the proximal end of the clongate rod element in fluid . -
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communication with a pressure transducer for mcasurmg flaid prcssure within the fluid
filled bag

31.  Ax injector unit according to claim 30, wherein the' fluid pressure measured in
the fluid filled bag is directly proportional to the pressure of the fluid expelled ﬁom the’
syringe.

32.. An injector unit according to claim 3, wherein the syringe is supported within
the head portion on a sliding base which is free to move in an axial difection for a fixed
distance. ” ‘

33. . An injector unit according to claim 32, wherein said axial direction is
substantially co-axml with said axial movement of the at least one elongate rod .
element.- :

34, An injector unit according to claim 33, wherein said fixed distance; is a distance

of up to 10 mm. .

35  An injector unit according to claim 34, wherein contact between said elongate
tod clement and the plunger of the synnge causes movemeht of said shdmg base in the
axial direction.
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36.  An injector unit according to claim 35, wherein the sliding base is in contact -

-with a force sensor which senses forces associated with said axial movement of said

sliding base.

37.  An injector unit according to claim 36, wherein the force sensor is a load cell,
strain gauge or piezo cell in direct contact with said sliding base.

38. An injector unit according to claim 36, Whereixi the force sensor is a load céll,
strain gauge or -piezo cell in indirect contact with said shdmg base via a cable
connecting said force sensor to the sliding base. '

39.  An injector umit according to claims 37 or 38, wherein the force sensed by the
force semsor is directly proportional to the pressure of the fluid ejected from the
syringe. A

40.  -An injector unit according to claim 37 or 38, wherem the force seused by the

force sensor detects initial contact between the elongate rod element and the plunger of
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the syringe to enable priming qf the injector unit.

41.  An injector unit according to any one of th¢ preceding claims, wherein the
injector unit is controlled by an electronic control system which controls the injection
of the fluid into a patient in response to the sensed pressure conditions associated with
the injection procedure, -

42. An injector unit according to claim 2, wherein cach syringe is rccclvcd in the
head pomon by a syringe holder, the syringe holder comprising:
- a base portion for seciiring said syringe holder to said injector unit;

at least two arms, each arm having a first endand a second end, said first ends of
each arm being mountable to said base portion, with at least one of said arms being
hlmgedly mounted to said base portion at said first end, a.nd each sald second end
having a gnppmg element attached thereto; and

a biasing element arranged to biasing said arms into a holdmg position for
holdmg the syringe between said gripping elements of said arms. ’

43. . An injector unit according to claim 42, wherein the ﬁrstvends of the at least two

- arms are mounted to axles provided in the base portion.
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44.  An injector unit according to claim 43, whetein the axles are fixed to the base

portion and arranged in a parallel relationship to ensure that when the arms are in said
holding position, the syringe is axially aligned with the injecting means.

45,  An injector unit accordmg to claim 44 wherein each axle has a gear clement

. mounted thereon such that gear elements of adjacent axles mesh to ensure symmetrical

movement of the amms with respect to said base.

46.  An injector unit accordmg to claim 42, wherein the blaSmg element 1s an
extension spring. )

47.  Aninjector unit according to claim 46, wherein the extension spring is stretched
between the st least two arms. ‘

48, An injector unit according to claim 47, wherein the biasing force of the

extension spring is sufficient to firmly hold the syringe in position during ejection of

the fluid retained therein, whilst enabling separation of the arms to remove the syringe

therefrom following ejection of the ﬂuid.

49, An mjector unit accordmg to claim 44 wherein said arms are saparated to

receive a vanety of syringes having variable bacrel dlametem, to retain the syrmge in an

" axially ahgned arrangemcnt with theinj cctmg mcans

25

50. An iﬁjector unit according to claim 42, wherein the surfaces of said gnspping

elements which contact the body of the syringe are shaped to conform to the body of

- the syringe.

30
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51.  An injector unit according to clalm 50 wherein the contact surfaces of the
gripping elements have a substantially concave surface.

'32.  An injector unit according to claim 51, wherein the contact surfaces of the

gﬁpping elements are provided with two concave surfaces, one concave surface having
a radius substantially equal to the largest suitable syringe diameter, and the other
concave surface having a djameter substan’ﬂaﬂy equal to the smallest suitable syringe
diameter.
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-53. © An injector unit according to claim 50, wherein the contact surfaces of the

gripping elements have graoves provided therein to conform Wlth flanges provided on
the body of the syringe. ‘

54,  An injector unit according to claim 50, wherein the gripping elements are -
detachable from the armns. ‘

55, An mjcctor unit according to c1a1m 54, whercm the gnppmg clements are
10 \

interchangeable to suit different typcs of synnges

56.  An injector unit according to claun 50, wherein the gripping elements are
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substanhally V—shaped in cross-section.

57.  An injector unit accord'mg to claim 50, wherein the contact sllrfﬁces of the claws"

are moulded from or coated with a soft plastic.

58.  An injector unit according to claim 49, whcréin a sensor is provided to méasure
the distance of separation of the arms to determine the barrel dmmeter of the synnge
r¢tamcd therein.

'59. An mjector unit accordmg to clalm 58, wherein the distance of separation of the

~ arms is determined by measuring the angle of at least ong of the arms with respect to

30

35

‘the base-portion.. .
25 ' . .
'60. - An injector unit according to claim 59, wherein a rotational senser is coupled to

at least one arm of the syringe holder to measure the angle of the arm with respect to

. the base portion.

61. . An injector umit accqrding to claim 58, ‘w]ierein the confrol circuitry of the

. injector unit determines the barrel diameter of the syringe based on the méasu:rcd

distance of separation of the anms and controls the injecting means accordingly.

62.  An injector unit according to claim 61, wherein the control circuitry controls the
injecting speed and stroke of the injecting means in relation to the determined barrel
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diameter of the syringe to epsure the correct flow rate of fluid is delivered from' the |
syringe.

63. An injector unit accordmg to claizn 62, wherein thc control clrcultry ceases
operation of the mjcctmg means if the-determined barrel diameter js foconsistent with
the medical procedure being performed. ' o

64. A syringe holder for an injector unit, comprising:
a base portion for securing said syringe holder to said injector unit;
. at least two arms, each arm having a first end and a second end, said first ends of

hingedly mounted to said base .portion at said first end, and each said second end
having a gripping element attached thereto; and

. a biasing elernent arrangcd to biasing said arms into a holding posmon for
holding the syrings between said grlppmg elements of said arms.

~ 65. - A syringe holder according to claun 64, wherem the first ends of the at least two’
ATTUS are mounted to separate axles prowded in the base portion. '

66. A syringe holder according to claim 65, wherein the axles are arranged parallel
to each other such that when the arms are in said holding position, the syringe is axially
aligned with an injecting means of the injector unit and is able to rotate freely about its
axis. : :

67. A syrihge holder according to claim 66, wherein each axle hias ﬁ gear clement
mounted thercon such that gear elements of adjacent axlcs mcsh to ensure symmetncal

movement of the arms w1th respect to said base.

68. A syringe holder adcording to claim 64, wherein the biasing clexﬁen@ is an
extension spring.

-69. A syrnge holder according to claxm 68, wherein thc extensmn sPnng is
~ stretched between the at least two arms.

-70. A syringe holder according to claim 69, wherein the biasing force -of the

extension spring is sufficient to firmly hold the syringe in position during ejéction of
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the fluid retained therein, whilst enabling separation of the arms to remove the syringe
therefrom following ejection of the fluid.

7. A syringe-holder acMng to claim 64, wherein said anms are separated to

recsive syringes having variable barrel diameters, such that the syringes are retained in

an axially aligned arrangement with an injecting means of the injector unit.

72. A syringe holder according to claim 64, wherein the surfaces of said gripping

elements which contact the body of the syringe are shaped to conform to the body of V
the syringe. ' A

73. A syringe holder accordmg to claim 72, wherein the contact surfaces of the.

' gnppmg elements have a substantially concave surfacc

74. A syringe holder accordmg to clalm 73, wherein the contact surfaccs of the
gripping clements are prov1ded with two concave surfaces, a first concave surface
having a radius substantially equal to the largest smtable syringe diameter, and a
second concave surface having a diameter substantially equal to the smallest smtable
synnge diameter.

75. A syﬁngc holder according to claimv 72, wherein the contact surfaces of the'

.. gripping elements have gmoves provided therein to conform with ﬂanges prowded on

25

30

35

the body of the syringe.

76. A syringe holder accordmg to claim 72, wherem the gnppmg elements are .
' detachable from the aums, ‘

77. A syringe holder accordmg to claim 76, wherem the gnppmg elements are

interchangeable to suit different types of syringes. _

78. ° A syringe holder according to -claim 72, wherem the grippitig elements are
substantlally V-shaped in cross-sectxon

79.. A syringe holder according to claim 72, whercm the contact surfaces of the -

‘claws are pioulded from, or coated with, a soft plastic.
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80. A syringe holder according to claim 71, wherein a sensor is provided to measure
the distance of separation of the arms to determine the barrel diameter of the syringe

retained therein.

Bl. A syringe holder according to claim 80, wherein the distance of separat{ion‘of
the arms is determined by measuring the angle of at least one of the arms with respect
to the base portion. “

82. A syringe holder according to claim 81, wherein a rotational sensor is doub]ed to

at least one arm of the syringe holder to measure the angle of the arm with respect to
the base pomon

.83, A syringe holder according to claim 80, wherein control circuitry of the injector

15

-20.

25 -

30

-. sensed parameter.

35

unit determines the barrel diameter of the syringe based on the measured dlstance of
separation of the arms and controls thc mjecung means accordmgly

84. A syringe holder mcording to clziim 83, wherein the control circuitry controls

- the injecting speed and stroke of flie injecting means in relation to the determined barrel

diatheter of the synnge to ensure the correct flow rate of fluid is delivered from the
syringe. :

85. A syringe holder accordmg to claim 83, wherein the ccantrol cireuitry ceases |
operation of the injecting means if the determined barrel diameter is mconmstent with

the medical procedure being performed.

86. A method of operating an injector unit for injecting a patient with fluid during a

. medical injection procedure, comprising:

loading the injector unit with a container containing said fiuid for mJ ection;
scnsmg a parameter associated with the container; and
‘ controlhng the. delivery of ‘said fluid from the container in response to said

- 87. A method according to claim 86, wherein the step of loading the injector unit

comprises loading a fluid filled syrings into a syringe holder of the injector unit.
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. 88. A method accordmg to claim 87, wherein the syringe is securcly retained

between at least two anms of syringe holder.

89 A method according to claim 88, wherem the synnge has a plungcr dlsposcd

therein for ejecnng the contained fluid from the syringe.

90. A method according to claim 89, wherein the step of sensing a parameter

associated with the container comprises sensing a barrel diameter of the syringe.

1. A method according to claim 90, wherein the barrel diameter of the syringe is

_sensed by determining a distance of separation between the at least two arms of the

syringe holder holding the syringe.

92. A method according to claim 91, wherein the distance of ‘separation is

determined by measuring the angle of at least one of the arms with respect to a base

' portion of the syringe holder.

93. A method according to claim 92, wherein a rotational scnspf is coupled to at

 least one of the arms of the syringe holder to measure the angle of the arm with respect

to the bage pOrﬁo_n.'

04, A mcthod according to claim 90 wherem the step of controlling the dehvery of

the flnid from: -the container comprises controlhng the speed and stroke of the plunger
within the syringe to deliver an appmpnate volume and/or flow rate of fluid from the
syringe proportional to the measured barrel diameter of the syringe.

95. A method according to claim 94, wherein the speed and stroke of the plunger is

S controlled by a control system of the injector unit which controls a drive mechanism for

. engaging with the plunger to eject flnid from the syringe.
30 .

96. . A method accofding to claim 95, wherein the drive mechanism comprises a 

~ motor which operates a push-rod that engages the phinger, and the speed and stroke of'

35

* the plunger is controlled by controlling the spccd of the motor.

'97.  An injector umt for injecting a patient vmh ﬂuld during = medical injection

procedure the m)ector unit comprising:
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a holder mechanism for receiving and, securmg in position a fluid contamer for
injection; 4
an injecting means for applymg a foree to said ﬂmd container to eject said. ﬂmd

,therefrom and

a sensor for measuring a force apphed by the mjectmg means to the holder
mechanism,

98.  An‘injector unit according to claim 97, wherein the fluid container is 2 syrmge

having a plunger dlsposed therein,

99.  An injector unit according to claim 98, whercin the holder mechanism is
attached to said injector unit such that it is free to move, for a predetermined distance,

.. along the axis of the syringe.

15

100. An injector unit according to claim 99, wherein the predetermined distance is up' -

to 10 mm.

- 101. ‘An injector unit according to claim 99, wherein the injecting means comprises at

20

25

30

35

least one elongate rod element which is movable in an axial direction to contact and
apply force to the phunger of the syringe to eject fluid therefrom '

102. An i,njector unit according to claim 101, wherein the at least one elongate rod
element is driven by a motor under control of a control systern of the inj ector unit.

’ 103 An injector unit according to clmm 101 wherein the force applied to the plunger -
~ of the syringe is also experienced by the holder mechanism, causing the holder
" mechanism to move ina direction along the axis of the synnge.

104, An injector unit according to claim 103, wherein the sensor is in contact with the .-
holder mechanism such that movement of the holder mechamsm generates a force. upon

said sensor.

105. An m_jector unit according to claim 104, wherein the sensor is a load cell, stram :

* gauge or a piezo cell.
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106. An injector unit according to claim 104, whcrem the force sensed by the sensor*
is proportiotial to the fluid pressure delivered by the synnge '

107. An injector unit accordmg ‘to claim 106 wherein the injecting means “is
5 controlled in response to the force measured by the sensor, to ensure that the fluid
‘ pressure delivered by the syringe is within acceptable limits.

108. An mJector wnit for injecting a patlent with fluid during a medmal injection
procedure the injector unit comprising:
10 at least one fluid container containing said fluid for mjecuon'
' aninjecting means operable to eject fluid from said at least one flnid container; -
a drive means for providirig motive force to operate said injecting means; and "
- a drive transfer means for transferring motive force from said drive means to
said injecting means, the drive transfer means comprising at lcast one cable extendmg ‘
15 between said drive means and said m;ectmg means.
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