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(57) ABSTRACT 
This invention relates generally to the ?eld of medical 
devices for delivering contrast media during medical diag 
nostic and therapeutic imaging procedures and more par 
ticularly, this invention relates to improved contrast media 
delivery systems and methods of use Which alloW adjust 
ment of contrast media concentration and injection param 
eters either before or during an injection procedure to 
provide patient speci?c dosing of contrast media, thus 
decreasing the Waste and cost of these procedures While 
increasing their ef?ciency. 
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PATIENT SPECIFIC DOSING CONTRAST 
DELIVERY SYSTEMS AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of application Ser. 
No. 09/197,773, ?led on Nov. 23, 1998, now US. Pat. No. 
6,385,483, Which is a divisional of application Ser. No. 
08/309,820, ?led on Sep. 21, 1994, now US. Pat. No. 
5,840,026, the contents of Which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to the ?eld of 
medical devices for delivering contrast media during medi 
cal diagnostic and therapeutic imaging procedures and more 
particularly, this invention relates to improved contrast 
media delivery systems and methods of use Which alloW 
adjustment of contrast media concentration and injection 
parameters either before or during an injection procedure to 
provide patient speci?c dosing of contrast media, thus 
decreasing the Waste and cost of these procedures While 
increasing their ef?ciency. 

[0003] It is Well recogniZed that the appropriate dose for 
many medications is related to the siZe and Weight of the 
patient being treated. This is readily apparent in the differ 
ence betWeen the recommended doses Which most medica 
tions have for adults and children. The appropriate dose of 
contrast media for a given medical imaging procedure is 
equally dependent upon the siZe and Weight of the patient 
being examined as Well as other additional factors. 

[0004] Although differences in dosing requirements for 
medical imaging procedures have been recogniZed, conven 
tional medical imaging procedures continue to use pre-set 
doses or standard delivery protocols for injecting contrast 
media during medical imaging procedures. Using ?Xed 
protocols for delivery simpli?es the procedure, hoWever, 
providing the same amount of contrast media to patients 
Weighing betWeen 100 and 200 pounds, for eXample, pro 
duces very different results in image contrast and quality. If 
the amount of contrast media used is adequate to obtain 
satisfactory imaging for the 200 pound person, then it is 
likely that the 100 pound person Will receive more contrast 
media than necessary for the procedure to produce a diag 
nostic image. With high contrast costs, this is a Waste of 
money as Well as increased patient risk. 

[0005] Standard protocols are used primarily to minimiZe 
the potential for errors by hospital personnel and decrease 
the likelihood of having to repeat the procedure, an occur 
rence Which requires that the patient be eXposed to addi 
tional radiation and contrast media. Furthermore, in prior art 
contrast delivery systems, once a bottle of contrast media 
Was opened for use on a patient it could not be used on 
another patient due to contamination considerations. EXist 
ing contrast delivery systems do not prevent the source of 
contrast media used for an injection from being contami 
nated With body ?uids of the patient. The containers Which 
supplied the contrast media Were generally therefore all 
single use containers and, consequently, the entire container 
of contrast media Was given to the patient being studied. 

[0006] Present protocols include delivery rate in volume 
per unit time. Usually the injection is at a constant ?oW rate 
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or With one change betWeen tWo ?Xed ?oW rates. HoWever, 
physically, pressure drives ?uid ?oW. Thus, present ?uid 
delivery systems employ some type of servo to develop the 
pressure needed to deliver the programmed ?oW rate, up to 
some pressure limit. The pressure needed depends upon the 
viscosity of the ?uid, the resistance of the ?uid path, and the 
How rate desired. This is considerably better than the older 
injector systems Which controlled pressure at a set value, and 
let the How rate vary. 

[0007] There are signi?cant draWbacks to ?uid delivery 
systems Which are unable to adjust the concentration of 
contrast media and other injection parameters during an 
injection procedure. Many patients may receive more con 
trast media than is necessary to produce an image of 
diagnostic quality, While others may receive an amount of 
contrast media insufficient for producing a satisfactory 
image. Existing procedures also frequently result in Waste of 
contrast media as Well as the need for repeating the proce 
dure because an image of diagnostic quality could not be 
produced. 
[0008] Some of the shortcomings of eXisting procedures 
have been addressed and resolved as described in co 
pending application Ser. No. 08/144,162, titled “Total Sys 
tem for Contrast Delivery,” ?led Oct. 28, 1993, and incor 
porated herein by reference. This application discloses a 
contrast media delivery system Which provides a source of 
contrast media that is suf?ciently isolated from a patient 
undergoing an imaging procedure that the source of contrast 
media may be used on additional patients Without concern 
for contamination. Additionally, this system is capable of 
adjusting contrast media concentration and other injection 
parameters during an injection procedure. 

[0009] The system incorporates a source of contrast media 
and, if desired, a diluent. Each is suf?ciently isolated from 
the patient to prevent contamination. The contrast media 
preferably has a concentration Which is the highest that 
Would be used in an injection procedure so that the operator 
may combine the contrast media With a diluent and select 
virtually any concentration of contrast media desired for any 
given procedure. The concentration of the contrast media 
injected into a patient may be varied during the injection 
procedure by varying the ratio of diluent to contrast media. 
Each patient therefore receives only the amount of contrast 
media necessary to provide a proper diagnostic image. 

[0010] It is recogniZed that this system Will be much more 
versatile and useful if the operator is able to select and adjust 
contrast media concentration and other injection parameters 
based on patient information or feedback received during the 
injection imaging procedures. Additionally, this system 
Would be more ef?cient if it Were capable of automatically 
choosing the appropriate concentration and injection rate for 
a given patient. Even more utility and ef?ciency Would be 
realiZed from a system that is capable of automatically 
adjusting concentration and other injection parameters dur 
ing an injection procedure based on feedback related to the 
resultant image quality. 

[0011] Accordingly, it is an object of this invention to 
provide an improved contrast media delivery system Which 
is capable of automatically varying the injection rate and 
concentration of contrast media given to a patient during an 
imaging procedure, based on information received either 
before or during the injection procedure. 
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[0012] It is another object of the present invention to 
provide an improved contrast media delivery system Which 
obtains and utilizes feedback information during the imag 
ing procedure to automatically adjust the How rate, volume 
and/or concentration of the contrast media into the patient if 
needed. 

[0013] It is a further object of this invention to provide a 
system Which is capable of selecting the appropriate injec 
tion ?oW rate and concentration for a given patient based on 
patient information entered into the system. 

[0014] Numerous other objects and advantages of the 
present invention Will become apparent from the folloWing 
summary, draWings, and detailed description of the inven 
tion and its preferred embodiment. 

SUMMARY OF THE INVENTION 

[0015] The invention includes apparatus and methods for 
medical contrast imaging and comprises embodiments 
Which provide patient speci?c dosing of contrast media in a 
variety of medical imaging procedures, as opposed to ?xed 
protocols. In this invention, the protocol variables are deter 
mined by the system and are dependent upon patient speci?c 
information supplied by the operator, and/or information 
measured by the contrast delivery system either prior to, or 
during the injection procedure. These apparatus and proce 
dures disclosed herein apply to all of the systems disclosed 
and described in co-pending application titled “Total System 
for Contrast Delivery”, Ser. No. 08/144,462. Further sys 
tems are described in Which the system receives input from 
an operator to provide the appropriate adjustment of system 
parameters. 

[0016] In a principal embodiment, information speci?c to 
any given patient is entered into the system and the appro 
priate concentration and injection parameters are computed 
before initiating the imaging ?uid injection procedure. The 
system is then ready for injection of a patient. It is important 
to note that the system is not limited to choosing a particular 
concentration of contrast media or injection rate for the 
entire procedure, or even a moderate number of phases With 
constant velocity as present injectors can noW do, but rather 
is capable of selecting an injection pro?le Which may 
include a continuously varying injection rate and/or concen 
tration of contrast media. The particular injection pro?le 
selected by the system is designed to provide the best image 
quality for the particular patient based on a variety of factors 
such as patient Weight and circulation system variables. 

[0017] In a re?ned version of the system, feedback from at 
least one sensor is employed by the control system to modify 
the concentration of the contrast media, injection rate, and/or 
total volume during the injection procedure. Various types of 
sensors are disclosed for use With this system, in particular, 
various electromagnetic sensors or video monitoring devices 
provide feedback for the system or operator to use. In 
angiography, Where the contrast is injected into the region of 
interest, the sensor needs to make a measurement in that 
region of interest. In CT and MR it is sufficient for the sensor 
to measure a remote area of the body, although measuring 
Within the region of interest (ROI) could be advantageous in 
some applications. The sensor provides an indication of the 
actual amount of contrast media in the patient. This is used 
to calculate the appropriate injection rate or concentration of 
contrast media to provide a diagnostic image With minimum 
risk and cost. 
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[0018] In critical locations such as coronary arteries, it Will 
take a While for doctors to have con?dence in automatically 
controlled ?uid delivery system, thus, rather than automati 
cally altering injection parameters based on feedback signals 
received from automatic sensors, the concentration, or other 
injection parameters may be manually adjusted based on 
images seen by the doctor or operator. 

[0019] A ?nal version of the invention is disclosed Which 
Works to further improve doctors con?dence by providing 
tactile feedback to a doctor or operator in addition to visual 
or other sensed feedback on the amount of contrast media in 

a patient. This provides the operator With additional infor 
mation to use in determining injection rate, concentration 
and pressure for the injection procedure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a How diagram illustrating the prior art 
procedure for implementing a standard protocol. 

[0021] FIG. 2 is a How diagram for a system of the present 
invention in Which injection parameters are calculated based 
on patient speci?c information. 

[0022] FIG. 3a illustrates an embodiment of the present 
invention Which employs the improved procedure for cal 
culating injection parameters of the present invention. 

[0023] FIG. 3b illustrates an embodiment of the present 
invention Which employs the improved procedure for cal 
culating the ?lling of a syringe used With an injector. 

[0024] FIG. 4 is a How diagram outlining an injection 
procedure Which incorporates a sensor for sensing contrast 
concentration in a patient during a test injection. 

[0025] FIG. 5 is a How diagram outlining an injection 
procedure Which incorporates a sensor for sensing contrast 
concentration in a patient for modifying the injection param 
eters throughout the injection. 

[0026] FIG. 6 illustrates an eXample of a sensor for use 
With the present invention. 

[0027] FIG. 7 illustrates the present invention Wherein the 
system is able to automatically adjust ?uid ?oW rate based 
on the resulting image. 

[0028] FIG. 8 illustrates an embodiment of a tactile feed 
back pressure measurement device Which alloWs the system 
operator to adjust injection parameters based on tactile 
feedback. 

[0029] FIG. 9 illustrates an embodiment of the present 
invention Which incorporates a Tactile Feedback Control 
(TFC) unit Which alloWs the system operator to adjust 
injection parameters based on this sensor as Well as the 
resulting image. The TFC is in ?uid communication With the 
?uid being injected. 

[0030] FIG. 10a illustrates an embodiment of the present 
invention Which incorporates a Tactile Feedback Control 
(TFC) unit Which alloWs the system operator to adjust 
injection parameters based on this sensor as Well as the 
resulting image. The TFC is not in ?uid communication With 
the ?uid being injected. 
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[0031] FIG. 10b illustrates an embodiment of the TFC in 
greater detail. 

[0032] FIGS. 11a-a' illustrate various relationships 
betWeen TFC inputs and contrast delivery system actions 
Which an operator could select With the system. 

[0033] FIG. 12 illustrates disposable manifolds operated 
by electronic solenoids or motors Which are designed for use 
With the present invention during cardiology. 

[0034] FIG. 13 illustrates a manifold for use With the 
present invention during cardiology procedures. 

[0035] FIG. 14 illustrates a system by Which the manifold 
illustrated in FIG. 13 is voice-activated. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] FIG. 1 is a How diagram shoWing a conventional 
medical imaging procedure for implementation of a standard 
protocol. This diagram is indicated generally by the numeral 
10. The imaging procedure standard protocol is selected at 
?rst operative step 11, and a decision is made at step 12 as 
to Whether the patient’s Weight is Within a broad range 
considered to be appropriate for the particular concentration 
of contrast media and set of injection parameters for the 
selected protocol. If the patient’s Weight is Within the broad 
range of Weights acceptable for the particular contrast media 
and set of injection parameters, the standard protocol is 
determined to be appropriate at step 14. The patient is 
injected and the image is acquired at step 18. Alternatively, 
if the Weight of the patient is not Within the given range, an 
alternate contrast media concentration and set of injection 
parameters are chosen at step 16. Once the alternate con 
centration or set of injection parameters are chosen at step 
16, the patient is then injected and the image is acquired at 
step 18. The operator then revieWs the image at step 20. If 
the image is satisfactory, the procedure is successfully 
completed and the system is prepared for the neXt imaging 
procedure With this patient or another patient at step 22. 

[0037] If the image is not satisfactory, the procedure must 
be repeated as noted at step 24. A decision is then made as 
to Whether there is a speci?c problem With the system or 
selected protocol at step 26. If there is a problem With the 
protocol, the selected protocol is revised at step 28. Alter 
natively, if the initially selected protocol is appropriate, step 
14 is repeated and the patient is injected at step 18. As noted, 
this type of system and its lack of versatility has signi?cant 
disadvantages compared With the system of the present 
invention. 

[0038] The present invention takes advantage of the 
increased versatility of the advances set forth in the co 
pending application previously noted and further advances 
the art by adding automatic functions and increased versa 
tility. 
[0039] A ?oW-diagram illustrating an improved contrast 
media delivery of the present invention is shoWn generally 
by the numeral 30 in FIG. 2. In this system the operator 
initially inputs information relating to the patient such as 
siZe and Weight in addition to other factors related to the 
particular imaging procedure being performed at ?rst opera 
tive step 32. This information could be stored in a hospital 
computer and simply doWnloaded to the imaging system. 
The Electronic Control System (ECS) of the contrast media 
delivery system then determines the appropriate concentra 
tion of the contrast media and other injection parameters 
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such as How rates, volume, time delay, etc. at step 34. The 
computed concentration of contrast media and injection 
parameters are then displayed at step 36. 

[0040] In this and other embodiments, the step of display 
ing parameters for user revieW is optional. As this capability 
is ?rst introduced, operators Will Want to retain control. As 
they become familiar With the equipment and gain con? 
dence With it, it Will be possible to manufacture and market 
systems Which no longer display injection parameters for 
operator revieW. In the preferred embodiment, hoWever, the 
system operator then revieWs the calculated parameters at 
step 38 and decides Whether to manually modify the param 
eters at step 40 or proceed With the injection of the patient 
at step 42. The injection begins in step 42, the image is 
acquired, and the system operator or physician revieWs the 
resulting image at step 44. If the image is satisfactory for 
diagnosis, the image is stored and the procedure is complete. 
The system may be prepared for the neXt imaging procedure 
at step 46. Prior to preparing the system for the neXt imaging 
procedure, the operator may choose to perform optional step 
47 in Which the operator may input information to modify 
the algorithm Which determines the injection parameters so 
that before the system stores the parameters they are set to 
levels Which Would have provided an image Which is more 
personally satisfactory. The system softWare keeps track of 
the various injection parameters a doctor or operator selects 
for patients of a particular siZe and for a given procedure. 
These factors are analyZed for preferred tendencies of the 
doctor or operator so that the system is able to select 
injection parameters based on the operators personal pref 
erences. By performing this optional step, the system Will be 
able to automatically select operating parameters Which 
provide a more satisfactory image for an individual. If the 
operator chooses to perform optional step 47, the system is 
prepared for the neXt imaging procedure upon completion of 
this step. 

[0041] Alternatively, if the image is not satisfactory, the 
image parameters are extracted at step 48 and the ECS is 
updated at step 49. The ECS then recalculates neW param 
eters and repeats step 34. The remainder of the procedure is 
also repeated. It is anticipated that this Will happen very 
seldom once the algorithm is adapted to the doctor’s pref 
erence. 

[0042] FIG. 3a illustrates an embodiment of the improved 
contrast media delivery system of the present invention 
generally at 50. The user interface of the ECS is indicated at 
52 With direct connection to the ECS 54. There is an 
additional electronic interface 56. The electronic interface 
56 may be connected to other systems Which are not shoWn, 
such as imaging equipment and the hospital information 
system. If this interface is connected to the hospital infor 
mation system, it could rely on this system to receive patient 
speci?c information necessary for performing the procedure 
such as siZe, Weight, etc. An operator Would therefore only 
be required to input a patient number and the appropriate 
information Would be doWnloaded from the hospital infor 
mation system. 

[0043] The electronic interface 56 is also connected to the 
imaging equipment 57. The ECS is capable of sending and 
receiving information so that, for eXample, the operator only 
needs to program the CT scanner With the number of slices 
and section of the body being imaged. This Would be 














