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(57) ABSTRACT 

A?uid delivery system includes a control unit having one or 
more devices for controlling a ?uid injection, a syringe 
having a body and a plunger rnovably disposed Within the 
body, and a syringe interface module separate from but in 
communication With the control unit. The syringe interface 
module includes a module housing, a syringe interface on 
the module housing that is adapted to connect the syringe to 
the module housing, and a drive member operable to 
advance the plunger of the syringe. 
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FLUID DELIVERY SYSTEM HAVING A SYRINGE 
INTERFACE MODULE SEPARATE FROM BUT IN 
COMMUNICAITON WITH A CONTROL UNIT 

CROSS -REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of application Ser. 
No. 09/721,427, ?led on Nov. 22, 2000, Which claims 
priority to US. Provisional Patent Application Serial No. 
60/167,309, ?led on Nov. 24, 1999, the disclosures of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to injectors, 
injector systems and control of injectors and injector sys 
tems, and, especially, to injectors, injector systems and 
injector control for use in medical procedures in Which a 
?uid is injected into a patient. 

[0003] In many medical diagnostic and therapeutic proce 
dures, a physician or other person injects a patient With a 
?uid. In recent years, a number of injector-actuated syringes 
and poWered injectors for pressuriZed injection of ?uids 
such as contrast media have been developed for use in 
procedures such as angiography, computed tomography, 
ultrasound and NMR/MRI. In general, these poWered injec 
tors are designed to deliver a preset amount of contrast 
media at a preset ?oW rate. 

[0004] To ensure the safety of the patient, the operation of 
a poWered injector should be carefully controlled. For 
example, it is desirable not to exceed a certain ?uid pressure 
during an injection procedure. In addition to potential haZ 
ards to the patient (for example, vessel damage) and poten 
tial degradation of the diagnostic and/or therapeutic utility of 
the injection ?uid, excessive pressure can lead to equipment 
failure. For example, because of the potential of cross 
contamination betWeen patients, the syringe and tubing used 
to carry ?uid to a patient are typically changed on a 
per-patient basis. Such disposable syringes and other ?uid 
path components (sometimes referred to collectively as a 
“disposable set”) are typically fabricated from plastics of 
various burst strengths. If the injector causes pressure in the 
?uid path to rise above the burst strength of a disposable 
?uid path element, the ?uid path element Will fail. 

[0005] In controlling system or injection pressure, current 
injectors use motor current as an indication of system 
pressure. This technique has inherent accuracy problems, as 
there are many variables betWeen the parameter being 
measured (motor current) and the parameter of interest (?uid 
pressure). These include, for example, measurement inac 
curacies, motor torque constant variation, motor variation 
With temperature, frictional effects in the drive train, and 
frictional effects in the syringe. In general, any control 
algorithm must alloW for such errors and must make a 
conservative estimate of ?uid pressure to prevent actual ?uid 
pressure from reaching a haZardous value. 

[0006] Current systems typically prede?ne a conservative 
pressure (that is, motor current) control value. As the preset 
pressure control level is reached, such injectors begin to 
sloW doWn the ?oW rate of injection in an effort to stop the 
build up pressure. At that point, an injector system that Was 
originally intended to servo control the volume and ?oW rate 
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of the injection ?uid begins to servo control pressure. The 
inaccuracies inherent in using motor current to derive pres 
sure result in a compliant system, and the operation of the 
servo in that state is oscillatory. Pressures in excess of 
desirable limits can occur, resulting in potentially haZardous 
operation of the injector. 

[0007] In addition to problems of control With current 
injector systems, many such systems lack convenience and 
?exibility in the manner in Which the injector systems must 
be operated. In that regard, the complexity of medical 
injection procedures and the hectic pace in all facets of the 
health care industry place a premium on the time and skills 
of an operator. 

[0008] It is thus very desirable to develop injectors exhib 
iting improved operative control as Well as injectors exhib 
iting improved ease of use. 

SUMMARY OF THE INVENTION 

[0009] In one aspect, the present invention provides an 
injector for use in injecting a ?uid in a medical injection 
procedure. The injector includes a drive mechanism to 
pressuriZe the ?uid; a sensor to measure a variable that is 
proportional to ?uid pressure (that is, a direct or indirect 
measurement of ?uid pressure); and a pressure monitor (for 
example, including hardWired circuitry and/or softWare) in 
communication With the sensor and the drive mechanism to 
stop the injection procedure When the sensor measures a 
value of the variable that corresponds to a pressure haZard 
limit. 

[0010] Preferably, the pressure monitor further limits 
poWer input to the drive mechanism to a poWer limit once 
the variable reaches a value that corresponds to a poWer 
limiting pressure that is beloW the pressure haZard limit. In 
this manner, the pressure haZard limit should never be 
reached. If, hoWever, the poWer limiting feature fails, the 
injector terminates the injection procedure once the pressure 
haZard limit is reached. 

[0011] The drive mechanism may, for example, receive 
poWer from a motor. In this embodiment, the sensor can, for 
example, measure motor current. The pressure monitor can 
limit the motor current to a value corresponding to the poWer 
limiting pressure. The poWer limit is typically predeter 
mined or preset for the injector in this embodiment. 

[0012] In another embodiment, a more direct and accurate 
manner of measuring ?uid pressure than measuring motor 
current is used. In one embodiment, for example, the sensor 
measures force exerted upon a component of the drive 
mechanism or an injector component in connection With the 
drive mechanism. In general, the sensor can measure force 
upon any component of the injector that bears a load 
proportional to the ?uid pressure. Particularly in the case 
that a force sensor (for example, a strain gauge) or pressure 
transducer is used to measure ?uid pressure, setting of the 
poWer limit during injector use and periodic auto-recalibra 
tion are facilitated. 

[0013] In another aspect, the present invention provides an 
injector for use in injecting a ?uid in a medical injection 
procedure including: a drive mechanism to pressuriZe the 
?uid; a sensor to measure a variable that is proportional to 
?uid pressure; 
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[0014] and a pressure monitor in communication With the 
sensor and the drive mechanism to limit poWer input to the 
drive mechanism to a poWer limit once the variable reaches 
a value that corresponds to a poWer limiting pressure. 

[0015] In a further aspect, the present invention provides 
an injector system for use in injecting a ?uid in a medical 
injection procedure including a drive mechanism to pres 
suriZe the ?uid and a control mechanism to control ?oW rate 
of the ?uid and volume of the ?uid injected. The injector 
further includes a sensor including a force transducer pro 
viding a measure of ?uid pressure and a pressure monitor in 
communication With the sensor and the drive mechanism to 
stop the injection procedure When the sensor measures a 
pressure corresponding to a pressure haZard limit. The 
pressure monitor also preferably limits poWer input to the 
drive mechanism to a poWer limit When the sensor measures 
a pressure corresponding to a poWer limiting pressure. As 
discussed above, the poWer limiting pressure is less that the 
pressure haZard limit. 

[0016] In another aspect, the present invention provides an 
injector system for use in injecting a ?uid in a medical 
injection procedure including a drive mechanism to pres 
suriZe the ?uid and a control mechanism to control ?oW rate 
of the ?uid and volume of the ?uid injected (typically on the 
basis of ?oW rate and volume setting input by the user of the 
injector using a data entry mechanism as knoWn in the art). 
The injector also includes a safety system including a sensor 
(for eXample, a force transducer) to provide a measure of 
?uid pressure. The safety system also includes a pressure 
monitor in communication With the sensor and the drive 
mechanism. The pressure monitor is adapted to override 
settings of the control mechanism and stop the injection 
procedure When the sensor measures a pressure correspond 
ing to a pressure haZard limit. Moreover, the pressure 
monitor is adapted to override settings of the control mecha 
nism to limit poWer input to the drive mechanism to a poWer 
limit When the sensor measures a pressure corresponding to 
a poWer limiting pressure, the poWer limiting pressure being 
beloW the pressure haZard limit. In general, the poWer limit 
is preferably the poWer being supplied to the drive mecha 
nism When the poWer limiting pressure is measures. 

[0017] In a further aspect, the present invention provides 
a method of controlling an injector used in a medical 
injection procedure. The method includes measuring a vari 
able that is proportional to ?uid pressure, and limiting poWer 
input to a drive mechanism of the injector to a poWer limit 
once the variable reaches a value that corresponds to a poWer 
limiting pressure. 
[0018] The method may also include terminating the inj ec 
tion procedure if the value of the variable corresponds to a 
pressure haZard limit, the pressure haZard limit being greater 
than the poWer limiting pressure. 

[0019] In another aspect, the present invention provides an 
injector for use With a syringe having a plunger disposed 
therein to inject a ?uid in a medical procedure. The injector 
includes a control unit including a control unit housing and 
control circuitry disposed Within the control unit housing, 
and at least one syringe interface module including a module 
housing, at least one syringe interface on the module hous 
ing that is adapted to connect the syringe to the module 
housing and at least one drive member Within the module 
housing to control motion of the plunger, the module hous 
ing being moveable relative to the control unit housing. 
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[0020] In one embodiment the module housing is rotatable 
relative to the control unit housing. In another embodiment 
the module housing is physically detached from the control 
unit housing. 

[0021] In still a further aspect, the present invention pro 
vides a system for performing a medical imaging procedure 
including an injector, the injector including a portable 
remote control panel, an imaging apparatus, and an attach 
ment member in the vicinity of (or attached to) the imaging 
apparatus. The attachment member is adapted to attach or 
support the remote control panel in the vicinity of the 
imaging apparatus to facilitate generally simultaneous 
access by the operator to both the remote control panel and 
the imaging apparatus While performing the medical imag 
ing procedure. 

[0022] Numerous other objects and advantages of the 
present invention Will be apparent from the folloWing draW 
ings and detailed description of the invention and its pre 
ferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1A illustrates a schematic representation of 
one embodiment of a ?uid delivery system for use in the 
present invention. 

[0024] FIG. 1B illustrates an embodiment of pressure 
limiting through limiting motor current. 

[0025] FIG. 2 illustrates the relationship betWeen motor 
current and system pressure for an injector. 

[0026] FIG. 3A illustrates a predicted maXimum pressure 
distribution. 

[0027] FIG. 3B illustrates an operating range over Which 
certain injectors having a set poWer limit may operate. 

[0028] FIG. 3C illustrates a schematic representation of 
the embodiment of FIG. 1A including a monitoring system 
for various conditions. 

[0029] FIG. 4A illustrates a schematic representation of 
an embodiment of an injector system of the present inven 
tion in Which a force sensor or transducer is used to measure 

pressure. 

[0030] FIG. 4B illustrates a schematic representation of 
an embodiment of the injector system of FIG. 4A. 

[0031] FIG. 4C illustrates a poWer limited operating range 
of the injector systems of FIGS. 4A and 4B. 

[0032] FIG. 5A illustrates a cross-sectional vieW of an 
embodiment of a syringe interface module in Which ?uid 
pressure is measured via a transducer/sensor. 

[0033] FIG. 5B illustrates a front plan vieW of a rear plate 
including strain gauges. 

[0034] FIG. 5C illustrates a rear plan vieW of the rear 
plate of FIGS. 5B including strain gauges. 

[0035] FIGS. 6A through 6C illustrate another embodi 
ment of an injector of the present invention in Which an 
syringe interface module is movable/rotatable relative to a 
control unit of the injector. 


















