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(57) ABSTRACT 

A system for dispensing a medium includes at least a ?rst 
container to hold the medium, a pressuriZing device, such as 
a pump, in ?uid connection With the container for pressur 
iZing the medium, and an agitation mechanism or device to 
maintain the components of the medium in a mixed state. 
The container and the pressuriZing device can be separate 
units, as in the case of an bag or bottle in ?uid connection 
With a peristaltic or other type of pump. The container and 
the pump can also be combined in a single unit, as in the case 
of a syringe, Wherein the syringe barrel of the syringe acts 
to contain the medium and the syringe plunger pressuriZes 
the medium Within the syringe barrel. Amethod of injecting 
a multi-component medium includes the step of agitating the 
medium (for example, as described above) before or during 
an injection procedure to maintain the components of the 
medium in a mixed state. 
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AGITATION DEVICES AND DISPENSING 
SYSTEMS INCORPORATING SUCH AGITATION 

DEVICES 

[0001] CROSS-REFERENCE TO RELATED APPLICA 
TION 

[0002] This application is a continuation of application 
Ser. No. 09/267,237, ?led on Mar. 12, 1999, now US. Pat. 
No. 6,575,930, the contents of Which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates generally to agitation 
devices and dispensing systems incorporating such agitation 
devices, and, more particularly, to agitation devices and 
dispensing systems (for eXample, injection systems) for use 
in connection With delivery of a multi-component medium 
to a patient. 

[0004] In a number of medical procedures, it is desirable 
to inject a multi-component injection medium into a patient. 
An eXample of such a medical procedure is ultrasound 
imaging. 
[0005] Ultrasound imaging creates images of the inside of 
the human body by broadcasting ultrasonic energy into the 
body and analyZing the re?ected ultrasound energy. Differ 
ences in re?ected energy (for eXample, amplitude or fre 
quency) appear as differences in gray scale or color on the 
output images. As With other medical imaging procedures, 
contrast-enhancing ?uids (often referred to as contrast 
media) can be injected into the body to increase the differ 
ence in the re?ected energy and thereby increase the gray 
scale or color contrast displayed in the image (that is, the 
image contrast) vieWed by the operator. 
[0006] For ultrasonic imaging, the most common contrast 
media contain many small bubbles. The difference in density 
of bubbles When compared to Water, and thus their difference 
in sound transmission, makes small gas bubbles eXcellent 
means for scattering ultrasound energy. Small solid particles 
can also serve to scatter ultrasonic energy. Such particles are 
typically on the order of 1 to 10 microns (that is, 10'6 to 10'5 
meters) in diameter. These small particles can pass safely 
through the vascular bed. 

[0007] Contrast media suitable for use in ultrasound are 
supplied in a number of forms. Some of these contrast media 
are poWders to Which liquid is added just before use. The 
poWder particles cause a gas bubble to coalesce around 
them. The poWder must be miXed With a liquid, and the 
miXture must be agitated With just the right amount of vigor 
to obtain the optimum creation of bubbles. Another type of 
contrast medium is a liquid that is agitated vigorously With 
air. There are no solid particles to act as nuclei, but the liquid 
is a miXture of several liquid components that make rela 
tively stable small bubbles. A third type of contrast medium 
uses “hard” spheres ?lled With a gas. These contrast media 
are typically supplied as a poWder that is miXed With a 
liquid. The goal is to suspend the spheres in the liquid 
Without breaking them. Even though such spheres have a 
shell that is hard compared to a liquid, they are very small 
and relatively fragile. It is also possible for the solid particles 
themselves to act to scatter ultrasonic energy, but the acous 
tical properties of the solid spheres are not as different from 
Water as those of a gas so the difference in re?ected energy 
is not as dramatic. 
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[0008] Contrast medium particles also enhance other 
modes of ultrasonic imaging. For eXample, When the par 
ticles are carried along in the blood stream, the re?ected 
energy is Doppler shifted. This Doppler shift alloWs an 
estimation of the speed of blood ?oW. Bubbles can also be 
eXcited so that they radiate ultrasonic energy at the second 
harmonic of the incident ultrasonic energy. This harmonic 
imaging is dependent upon the nonlinearity of the re?ectors. 
Gas bubbles Work Well as harmonic re?ectors. 

[0009] After mixing/preparation as described above, the 
contrast medium is draWn into a syringe or other container 
for injection into the patient. Typically, the ?uid is injected 
into the vein in the arm of the patient. The blood dilutes and 
carries the contrast medium throughout the body, including 
to the area (i.e., the region-of-interest or ROI) of the body 
being imaged. 

[0010] It is becoming more common for a microprocessor 
controlled poWer injector to be used for injecting the con 
trast medium. Compared to a hand injection of contrast, this 
has the bene?t of maintaining a consistent ?oW over a long 
time, thereby providing a consistent amount of contrast 
medium (number of particles) in the blood stream. If there 
are too feW particles, for eXample, there is insuf?cient image 
contrast and the diagnosis cannot adequately be made. If too 
many particles are present, too much energy is re?ected, 
resulting in blooming or saturation of the ultrasound 
receiver. 

[0011] Although a poWer injector can inject contrast 
medium at a constant ?oW rate, there must be a constant 
number of bubbles per volume of ?uid injected to provide a 
constant image contrast. Because a gas is signi?cantly less 
dense than Water and other liquids, hoWever, gas bubbles 
Will rise in a liquid. The rate of rise is related to the diameter 
of the gas bubble. This density difference is useful to quickly 
separate large bubbles created during the initial miXing. 
HoWever, the small bubbles desired for image enhancement 
Will also rise sloWly. Solid particles, on the other hand, Will 
tend to settle or sink because most solids are denser than 
Water. Many minutes can elapse betWeen the initial miXing 
of the contrast medium and the injection into the patient, 
and/or the injection itself may be several minutes in dura 
tion. If the concentration of particles changes, the image 
contrast may be degraded. 

[0012] It is, therefore, very desirable to develop systems 
and methods to maintain multi-component contrast media in 
a miXed state throughout an injection proceeding. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides devices, systems 
and methods for dispensing a multi-component medium (for 
eXample, an ultrasound contrast medium via injection into a 
patient). Such a system includes generally at least a ?rst 
container to hold the medium, a pressuriZing device, such as 
a pump, in ?uid connection With the container for pressur 
iZing the medium, and an agitation mechanism or device to 
maintain the components of the medium in a miXed state. 
The container and the pressuriZing device can be separate 
units, as in the case of an bag or bottle in ?uid connection 
With a peristaltic or other type of pump. The container and 
the pump can also be combined as a single unit, as in the 
case of a syringe, Wherein the syringe barrel of the syringe 
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acts to contain the medium and the syringe plunger pres 
suriZes the medium Within the syringe barrel. 

[0014] The contrast media With Which this invention oper 
ates optimally contain contrast enhancement agents, Which 
interact With the energy beamed into the body for creation of 
the image. The energy can be ultrasonic or electromagnetic. 
Common electromagnetic energies include X-rays and light. 
The contrast enhancement agents include but are not limited 
to microbubbles—With or Without a solid core or nucleus, 
microspheres With relatively rigid shells ?lled With gas or 
liquid, liposomes With relatively ?exible shells ?lled With 
gas or liquid, solid micro-particles, or microspheres of a 
liquid that is not miscible With the liquid in the contrast 
media. Any contrast media involving tWo immiscible mate 
rials or different phases of material could bene?t from this 
invention. Contrast media Where the molecules of the con 
trast enhancing material dissolve in the liquid of the contrast 
media can bene?t from this invention to the extent that they 
are mixed from tWo different phases or to the extent that they 
might separate during storage or use. 

[0015] In one embodiment, the agitation mechanism oper 
ates by inducing bulk motion of the ?rst container. In this 
embodiment, free moving or ?xed objects may be placed 
Within the container to assist in mixing. The agitation 
mechanism may, for example, rotate or shake randomly the 
?rst container about a point. 

[0016] The agitation mechanism may also rotate the ?rst 
container about at least one axis of the container. In this 
embodiment, the ?rst container may be formed asymmetri 
cally about the axis to reduce the effects of rotational 
symmetry. The ?rst container may also include a ?xed or 
movable ?oW member therein to reduce the effects of 
rotational symmetry about the axis. 

[0017] In another embodiment, the agitation mechanism 
induces currents Within the medium Without bulk motion of 
the container. For example, the agitation mechanism may 
include a movable stirring member Within the ?rst container. 
Moreover, convection currents may be induced in the 
medium by heating. Ultrasonic energy can also used to 
induce currents Within the medium. Likewise, electromag 
netic energy can be used to induce currents With-in the 
medium When the medium is electrically conductive. 

[0018] A gas may also be released into the medium to 
induce currents therein. Preferably, such a gas is sterile and 
biologically inactive. 

[0019] In the case that the ?rst container is compressible, 
the agitation mechanism can operate to compress the ?rst 
container to induce mixing. For example, the agitation 
mechanism can include a roller that moves over the ?rst 

container. Alternatively, the agitation mechanism can com 
press alternating sections of the ?rst container. 

[0020] In still another embodiment, the system can operate 
to circulate the ?uid With an agitation pump. The agitation 
pump and the injection pressuriZation pump can be the same 
or different units. Such a system can, for example, include 
a second container, and the agitation pump can operate to 
move at least a portion of the medium betWeen the ?rst 
container and the second container. The medium may be 
moved betWeen the ?rst container and the second container 
in an alternating fashion. 
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[0021] The present invention also provides a method of 
dispensing a multi-component medium. The method 
includes the step of agitating the medium (for example, as 
described above) before or during an injection procedure to 
maintain the components of the medium in a mixed state. As 
used herein, the phrase “during an injection procedure” 
refers generally to the time after initial preparation or mixing 
of the contrast medium through completion of the injection 
into the patient. The step of agitating the medium can be 
accomplished as described above. 

[0022] The present invention, together With its attendant 
advantages, Will be further understood by reference to the 
folloWing detailed description and the accompanying draW 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1A illustrates an embodiment of an dispens 
ing system. 

[0024] FIG. 1B illustrate another embodiment of an dis 
pensing system. 

[0025] FIG. 2 illustrates yet another embodiment of an 
dispensing system. 

[0026] FIG. 3A illustrates an embodiment of an agitation 
mechanism for a contrast container. 

[0027] FIG. 3B illustrates an embodiment of a storage 
container for use With an agitation mechanism of the present 
invention. 

[0028] FIG. 4 illustrates an embodiment of an agitation 
mechanism for a syringe. 

[0029] FIG. 5 illustrates an embodiment of an agitation 
mechanism for a syringe in Which the syringe is rotated 
about its longitudinal axis. 

[0030] FIG. 6 illustrates the use of How members Within 
a syringe to overcome problems With symmetry about a 
rotational axis. 

[0031] FIG. 7 illustrates another use of How members 
Within a syringe to overcome problems With symmetry about 
a rotational axis. 

[0032] FIG. 8 illustrates a pattern of movement for a 
container to induce mixing Within the container. 

[0033] FIG. 9 illustrates an embodiment of a syringe 
having an internal agitation mechanism. 

[0034] FIG. 10 illustrates an embodiment of a multi 
container agitation mechanism. FIG. 11 illustrates the use of 
an agitation pump to induce mixing Within a container. 

[0035] FIG. 12 illustrates the use of a common pump to 
induce mixing Within a ?uid and pressuriZe the ?uid for 
injection. 

[0036] FIG. 13 illustrates the use of a syringe to induce 
mixing Within a ?uid and pressuriZe the ?uid for injection. 

[0037] FIG. 14 illustrates the use of multiple syringes for 
mixing and injection. 

[0038] FIGS. 15A and 15B illustrate the use of tWo 
syringes in a side-by-side arrangement for use in mixing and 
injection. 
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[0039] FIG. 16 illustrates the use of tWo syringes in a 
side-by-side arrangement Wherein each syringe has a sepa 
rate outlet. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] In several embodiments, the present invention pro 
vides a number of devices, systems and methods to facilitate 
or to improve the initial creation and/or mixing of contrast 
medium, and to agitate the contrast medium to maintain a 
relatively uniform distribution of the contrast enhancing 
agent or particles throughout the liquid contrast medium 
prior to and/or during an injection procedure. The present 
invention is applicable generally to multi-component ?uids 
Wherein the components are not totally miscible and there is 
a tendency for the components to separate over time. The 
present invention is also applicable to miscible or dissolv 
able materials during the initial preparation phase When a 
uniform mixture has not yet been created. 

[0041] The agitation mechanisms or devices of the present 
invention can be categoriZed broadly in three classes, Which 
can be used separately or in combination. In the ?rst class of 
agitation mechanism, the contrast medium is agitated by 
bulk movement of the entire storage volume or container in 
Which the contrast medium is prepared and/or kept prior to 
and/or during injection into the patient. The second class of 
agitation mechanism agitates the contrast medium Within the 
storage volume or container Without bulk movement of the 
storage volume or container. The third class of agitation 
mechanism agitates the contrast medium by circulating/ 
transporting the contrast medium using an agitation pump. 
For example, the contrast medium can be transported 
betWeen tWo storage volumes or containers in an alternating 
manner. In most cases, the agitation systems of the present 
invention can be easily adapted to perform the initial com 
bination/mixing/preparation of the poWder and liquid com 
ponents of a medium. 

[0042] FIGS. 1A, 1B and 2 illustrate examples of poWered 
injector systems in Which the agitation mechanisms or 
devices of the present invention can be incorporated. In 
general, such injector systems typically include a user inter 
face, a controller/poWer source, a contrast medium storage 
volume, and a pressuriZing device, such as a pump. 

[0043] In the syringe-based injector shoWn in FIG. 1A, 
the contrast medium storage volume and pressuriZing device 
are combined in syringe 10. In that regard, the contrast 
medium is contained in syringe barrel 12 and is pressuriZed 
Within barrel 12 by plunger 11, as knoWn in the art. Plunger 
11 slides Within barrel 12 to draW in and expel the contrast 
medium. 

[0044] The injector system further includes a motor 13 and 
a mechanical assembly 14 that changes rotational motion to 
linear motion to push piston 15 against syringe plunger 11 
Within syringe 10. Amounting mechanism (not shoWn), such 
as is described in US. Pat. No. 5,383,858, may be used to 
mount syringe 10 in a ?xed position. 

[0045] A user interface 1 includes a device 3 for input of 
data (for example, a keyboard) and a display 2. User 
interface 1 is also preferably in communicative connection 
With a feedback/alarm system (not shoWn). User interface 1 
preferably connects to a controller/poWer source 4 to enable 
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the user to program the parameters of an injection and to 
control an injection. The user can also directly control 
mixing and agitation of the contrast medium as described 
herein Without use of a controller 4. 

[0046] To complete the components of the injection sys 
tem, a connector tube 16 carries the contrast medium from 
syringe 10 to a patient 17. As commonly practiced, large 
bubbles are preferably removed from the ?uid path before 
connecting to the patient. 

[0047] FIG. 1B illustrates an embodiment of a commer 
cially available ultrasound contrast medium injector, namely 
the MEDRAD PULSARTM injector system marketed by 
Medrad, Inc., the assignee of the present application. The 
reference numbers de?ned in connection With FIG. 1A 
indicate the location of corresponding elements in FIG. 1B, 
although not all the elements are visible. 

[0048] In an alternative injector embodiment shoWn in 
FIG. 2, a container 20, such as a bag, acts as the contrast 
medium storage volume. Amotor 13‘ and a peristaltic pump 
21 cooperate to pressuriZe the injection ?uid. User interface 
1 and controller/poWer source 4 serve the same function as 
described in relation to FIGS. 1A and 1B. 

[0049] The agitation devices and systems disclosed herein 
can be used With many injectors and injector systems other 
than set forth in FIGS. 1A, 1B and 2. For example, a simple 
spring-poWered syringe pump that runs at a constant rate can 
be used as an injector. The user interface may, for example, 
have only start and stop capabilities. Indeed, an external 
source of poWer is not required. In that regard, a person 
could be part of the contrast injector system and perform 
many of the functions described above. A person, for 
example, can manually operate a syringe. Mechanical injec 
tors, hoWever, are better able to perform injections consis 
tently and precisely. 

[0050] As discussed above, the ?rst category of agitation 
devices of the present invention operate by inducing gross or 
bulk motion of the contrast medium storage volume. The 
most basic strategy is to move, rotate, or rock the contrast 
medium storage volume. This manner of agitation is rela 
tively simple, for example, With a bag connected via a tube 
to a peristaltic pump. 

[0051] In general, a simple reciprocating bag holder 22 as 
shoWn in FIG. 3A Will suf?ce. In this embodiment, a bag 20 
is attached to a bag holder 22. To simplify the mechanics, the 
rotation may be reciprocal as indicated by arroW 24. The 
rotation of bag holder 22 can be made continuous in one 
direction, but continuous rotation in one direction Would 
require a rotary joint in the ?uid path so that tubing 26 does 
not become tWisted. The rotation can be around a horiZontal 
axis. Preferably, the rotation is a total of 360° at a constant 
rate before reversing direction. A 180° rotation is generally 
suf?cient if most of the time is spent at the extreme posi 
tions, and the time spent at the extremes is relatively equal. 
This mode of operation can be considered as turning bag 20 
upside doWn periodically. Rotation around more than one 
axis can be useful, but Will not typically be required. 

[0052] One of the challenges With rotation of a simple bag 
is that the ?uid outlet of a standard bag is at one edge. With 
this kind of a bag, When it is turned upside doWn, if there is 
any gross air in the bag, the air Would be WithdraWn rather 
than the ?uid. This can be overcome in several Ways. For 












