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(57) ABSTRACT 

A method of establishing a quantitative measure of contrast 
enhancement in contrast medical imaging through computer 
analysis of baseline and enhanced images allows statistical 
comparison of protocols and imaging parameters from rou
tine hospital operations to enhance and evaluate such pro
tocols and parameters. 
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METHOD AND APPARATUS FOR 
OPTIMIZING THE USE OF CONTRAST 
AGENTS DURING MEDICAL IMAGING 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

(0001] 

(0002] 

CROSS REFERENCE TO RELATED 
APPLICATION 

BACKGROUND OF THE INVENTION 

(0003] The present invention relates to medical imaging 
devices such as computed tomography (CT) machines and, 
in particular, to a method and apparatus providing a quan
titative evaluation of the use of contrast materials in such 
machines and the use of this quantitative evaluation to 
evaluate contrast protocols. 
(0004] Volumetric medical imaging equipment, such as 
computed tomography machines, can collect image data 
over a volume of patient tissue, for example, in a set of 
adjacent "slices" taken through the patient, providing 
improved visualization of the internal anatomy of the 
patient. The ability to distinguish among different tissues 
within the patient using such equipment can be enhanced by 
using contrast agents, such as intravenous iodine materials 
in CT, that have preferential uptake in tissue or structures of 
interests. Such contrast materials, in CT, provide greater 
x-ray attenuation in high contrast uptake tissue, promoting 
improved visibility of the structures. Analogous contrast 
materials may be used in other volumetric imaging equip
ment such as magnetic resonance imaging equipment 
(MRI). 
(0005] The successful use of contrast agents in volumetric 
imaging is guided by sophisticated contrast enhancing pro
tocols describing the selection of a contrast agent, contrast 
agent volume, contrast agent how rate, and the contrast 
agent concentration. Such protocols may also indicate 
whether to use a saline flush volume after introduction of the 
contrast agent and may identify a preferred particular venous 
access location, cannula gauge size, and contrast agent 
temperature as well as recommended imaging machine 
settings including scan timing, scan speed, and scan beam 
energy. 
(0006] Different contrast enhancing protocols may be used 
for different patient specific factors including cardiac output, 
weight, normal or abnormal vasculature, and the like. 
(0007] Some parameters of the protocols (for example, the 
amount of delay after the introduction of contrast media as 
depends on a specific patient's cardiac output or vascular 
abnormalities or contrast injection parameters like flowrate 
or saline flush may be adjusted or selected during the 
imaging process using a bolus tracking procedure in which 
progress of a bolus of contrast agent as it travels through the 
patient is monitored through a set of cine type images. In 
such a bolus tracking procedure, a baseline scan location 
( typically a slice) is identified in the relevant tissue to be 
enhanced with a contrast agent and a baseline scan prior to 
the introduction of contrast media is obtained. Repeated 
acquisitions at the same slice location are taken after injec
tion of the contrast media to track the media's arrival in the 
tissue of interest. Once the bolus has arrived to properly 
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infuse the tissue (for example, as detected automatically by 
an absolute increase in signal value the tissue) image data for 
a volmne of tissue around the baseline scan is acquired. 
(0008] Bolus tracking does not eliminate the need to make 
an ex ante selection of most protocol parameters and gen
erally cannot fully compensate for sub optimal parameter 
selection. For example, bolus tracking does not eliminate the 
need to select a proper x-ray tube voltage or correct loss of 
enhancement associated with a sub optimal x-ray tube 
voltage or correct for the effects of patient weight. Sub 
optimal protocols can lead to excessive contrast material 
usage with increased costs and in some cases unnecessary 
risk to the patient. Unfortunately, the large number of 
protocol parameters makes it difficult to establish optimal 
protocols for a range of clinical situations through controlled 
experimentation. 

SUMMARY OF THE INVENTION 

(0009] The present invention provides a method of pro
ducing a quantified measure of image contrast enhancement 
for a variety of contrast enhanced image acquisitions. This 
quantified measure allows routine medical imaging data to 
be directly compared and thus statistically processed to 
identify optimal contrast imaging parameters, harnessing 
routine image acquisition into a set of experiments revealing 
how to improve contrast agent use. The measure of contrast 
enhancement may be made, in most cases, without the need 
to acquire additional scans of the patient, but by using scans 
obtained during conventional bolus tracking or from previ
ous patient imaging. 
(0010] In one embodiment, the invention provides a 
method for assessing contrast enhancement in medical 
images comprising: 
(0011] (a) acquiring, in a medical imaging procedure, 
enhanced volumetric data of tissue using a contrast agent; 
(0012] (b) acquiring baseline volumetric data of at least a 
portion of the tissue without enhancement by the contrast 
agent; 
(0013] (c) comparing the enhanced volumetric data and 
baseline volumetric data to generate a quantitative enhance
ment value representing an amount of image enhancement in 
the enhanced volumetric data referenced to the baseline 
volumetric data; and 
(0014] ( d) generating a report linking the quantitative 
enhancement value to the medical imaging procedure. 
(0015] It is thus a feature of at least one embodiment of the 
invention to provide a quantified measure of image enhance
ment using contrast agents that can be used alone (to 
evaluate the quality of acquisition) or as a reference point for 
assessing imaging protocols. It is another feature of at least 
one embodiment of the invention to provide an objective 
image enhancement measure executable on a computer 
without human intervention and thus having low cost to be 
practical for integration into normal healthcare services. 
(0016] The baseline volumetric data may be a subset of the 
enhanced volumetric data. For example, the baseline volu
metric data may be acquired during the medical procedure as 
a slice selected for bolus monitoring prior to acquisition of 
the enhanced volumetric data larger than the slice. 
(0017] It is thus a feature of at least one embodiment of the 
invention to provide the desired quantitative measurement 
without requiring additional scans or dose to the patient or 
with minimal additional scans and dose. It is yet another 
feature of at least one embodiment of the invention to permit 
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as little as a single slice of baseline data to be used to assess 
contrast enhancement in a multi-slice volume of image data 
of the contrast-enhanced tissue. 
(0018] The baseline volumetric data may be registered to 
a corresponding volume of the enhanced volumetric data, 
and the comparison process may compare the baseline 
volumetric data to the corresponding volume of the 
enhanced volumetric data as registered. 
(0019] It is thus a feature ofat least one embodiment of the 
invention to permit the baseline data to be extracted from 
other scans of the patient not necessarily preregistered to the 
enhanced volumetric data or to accommodate slight patient 
movement between the acquisition of the baseline data and 
the larger volumetric data. 
(0020] The registration may align voxels of the baseline 
volumetric data and enhanced volumetric data to minimize 
a difference between corresponding voxel values. 
(0021] It is thus a feature ofat least one embodiment of the 
invention to provide a robust and simple way of registering 
baseline and enhanced images without requiring consistent 
or preestablished fiducial reference points in the images. 
(0022] The enhanced volumetric data may be acquired at 
different phases of contrast agent introduction and the 
enhanced volumetric data for each of the different phases 
may be compared to the baseline volumetric data to generate 
a quantitative enhancement value for each of the phases to 
generate a report for each of the phases linking the quanti
tative enhancement value to the medical imaging procedure. 
(0023] It is thus a feature ofat least one embodiment of the 
invention to provide assessment of multiphase image acqui
sitions and protocols used in those acquisitions. 
(0024] The baseline volumetric data may be acquired from 
a database providing volumetric data of a same patient and 
same tissue taken prior to the medical procedure. 
(0025] It is thus a feature ofat least one embodiment of the 
invention to leverage the ability to use a single or limited 
number of slices for the baseline image to allow the baseline 
image to be acquired from other non-contemporaneous 
images of the patient. 
(0026] The quantitative enhancement value may be pro
duced by determining a difference derived from values of the 
voxels of the enhanced volumetric data applied against 
values of the voxels of the baseline volumetric data. 
(0027] It is thus a feature ofat least one embodiment of the 
invention to provide a simple measurement of enhancement 
by a subtraction process either before or after values of the 
voxels have been manipulated in other ways. 
(0028] In addition, or alternatively, the quantitative 
enhancement value may be produced by combining together 
values derived from multiple voxels of the enhanced volu
metric data and multiple values of the baseline volumetric 
data. 
(0029] It is thus a feature ofat least one embodiment of the 
invention to provide a single simple quantitative enhance
ment value for assessing contrast enhancement. 
(0030] In addition, or alternatively, the quantitative 
enhancement value may be produced by an effective scaling 
of values derived from the voxels of the enhanced volumet
ric data and baseline volumetric data according to the 
numberofvoxels to normalize the quantitative enhancement 
value to volume. 
(0031] It is thus a feature ofat least one embodiment of the 
invention to allow the production of a quantitative enhance-
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meat value that may be compared among images having 
different scaling or amount of contrast-enhanced tissue. 
(0032] In addition, or alternatively, the quantitative 
enhancement value may be produced by disregarding (at
tenuating or nulling to zero) values derived from voxels of 
the enhanced volumetric data and baseline volumetric data 
where enhancement has not occurred. 
(0033] It is thus a feature of at least one embodiment of the 
invention to increase the sensitivity of the quantitative 
enhancement value by isolating enhanced from unenhanced 
tissue. 
(0034] The method may further repeat (a)-(c) for multiple 
medical imaging procedures having at least one different 
parameter, and ( d) may provide an indication of quantitative 
enhancement value as a function of the different parameters. 
(0035] It is thus a feature of at least one embodiment of the 
invention to allow contrast protocols to be evaluated and 
compared through the agency of the quantitative enhance
ment value. 
(0036] The parameter being evaluated may, in some cases, 
be patient weight and patient cardiac output. 
(0037] It is thus a feature of at least one embodiment of the 
invention to allow evaluation of contrast protocols based on 
pre-characterizable patient qualities to provide more accu
rate bolus tracking or to optimize parameters that are not 
addressable through bolus tracking. 
(0038] Alternatively, the parameter being evaluated may 
be different practice groups of multiple physicians. 
(0039] It is thus a feature of at least one embodiment to 
allow the evaluation of multi parameter protocols often asso
ciated with physician groups. 
(0040] Alternatively, the parameter being evaluated may 
be scan settings of a medical imaging machine used for 
acquiring the enhanced volumetric data. 
(0041] It is thus a feature ofat least one embodiment of the 
invention to allow assessment of optimal imaging machine 
settings for contrast enhancement. 
(0042] In some cases, the parameter being evaluated may 
be a cost of contrast agent. 
(0043] It is thus a feature of at least one embodiment of the 
invention to help reduce medical procedure costs. 
(0044] In some cases, the parameter being evaluated may 
be a protocol for the injection of contrast media. 
(0045] It is thus a feature of at least one embodiment of the 
invention to provide a method of optimizing the parameters 
related to delivery of contrast media, for example, flow rate, 
volume, etc. 
(0046] These particular objects and advantages may apply 
to only some embodiments falling within the claims and thus 
do not define the scope of the invention. 

BRIEF DESCRIPTION OF THE. DRAWINGS 

(0047] FIG. 1 is a simplified block diagram of an imaging 
apparatus including a CT machine and associated electronic 
computer and tem1inal, the latter in communication with a 
data archiving system such as a PACS (picture archiving and 
communication system); 
(0048] FIG. 2 is a data flow diagram showing the acqui
sition of image data obtained, for example, during bolus 
tracking using the CT machine of FIG. 1, and processing of 
that image data for the generation of a quantitative enhance
ment value assessing the quality of the acquired image data; 
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[0049] FIG. 3 is a flowchart of a program executed by the 
electronic computer of FIG. 1 in generating the quantitative 
enhancement value of FIG. 2; 
[0050] FIG. 4 is a representation of a first report produced 
by the present invention correlating image enhancement 
quality with patient weight for two different protocols; 
[0051] FIG. 5 is a figure similar to that of FIG. 4 showing 
a report relating image quality protocol and cost; 
[0052] FIG. 6 is a figure similar to FIGS. 4 and 5 showing 
a report relating image quality to flow rate of the contrast 
media during introduction into the patient; and 
[0053] FIG. 7 is a detailed flowchart of the step of com
parison of the flowchart of FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Hardware Overview 

[0054] Referring now to FIG. 1, an imaging system 10 
suitable for practice of the present invention may include a 
medical imaging machine 12, such as a CT scanner of the 
type providing an internal rotating gantry 14 holding an 
x-ray tube 16 in opposition to an x-ray detector 18 for 
rotation in a plane 20 about a patient 22 supported on a 
patient table 19. The x-ray tube 16 and x-ray detector 18 
cooperate to acquire data along a slice 17 through the 
patient. Movement of the patient table 19 allows multiple 
slices 17 to be assembled together to acquire a volume 25 of 
data of the patient 22. 
[0055] A contrast media injector 21 holding a contrast 
agent 23 may be positioned near the medical imaging 
machine 12 for the delivery of a contrast media intrave
nously to the patient 22 during the scanning process. 
[0056] Generally, the imaging machine 12 may be asso
ciated with a computer 24 having a processor 26 and 
associated memory 28, the latter holding a program 30 
implementing features of the present invention and data files 
32 representing data collected from the imaging machine 12 
during slice acquisition. These data files 32 will be com
prised of multiple values (for example, Hounsfield units) for 
different voxels representing volume elements in the patient 
as understood in the art. 
[ 0057] The computer 24 may be associated with a terminal 
34, for example, providing for graphic outputs such as a 
report or the like and allowing user input as necessary. In 
addition, the computer 24 may communicate with a central 
database 36 holding other data files 32 indexed by a patient 
identifier permitting storage and retrieval of such data files 
32. The central database 36 may, for example, be a PACS 
system as is generally understood in the art. 
[0058] While a CT machine has been depicted, it will be 
appreciated that the invention is applicable to patient image 
data obtained on other modalities of imaging machlnes such 
as magnetic resonance imaging machines and the like. 

Hardware Operation 

[0059] Referring now also to FIGS. 2 and 3, the program 
30 may be invoked upon receiving an order indicated by 
process block 40 for an imaging study of the patient 22 and 
involving the injection of contrast media 23 from the injec
tor 21. Such an order will normally be generated by a 
physician and will include a patient identifier and associated 
imaging protocol (protocol 78 described below) either con-
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tained in or referenced to the order. Such a protocol 78 may 
include multiple parameters or settings such as those 
describing: contrast agent type, contrast agent total volume, 
contrast agent flow rate, contrast agent concentration, saline 
flush volume, venous access location, contrast delivery 
cannula gauge, contrast agent viscosity, contrast agent tem
perature, scan timing with respect to contrast agent intro
duction, scan speed of the imaging machine, scan beam 
energy, and patient specific factors including patient cardiac 
output, patient weight, patient abnormal vs. normal vascu
lature, as well as site/machine identifying information 
including physician groups and group protocols. 

[0060] In one example, the protocol may implement a 
bolus tracking procedure, depicted generally in FIG. 2, 
where a first baseline slice image data 46a is acquired of the 
patient 22 prior to injection of the contrast media 23. Thls 
baseline slice image data 46a is selected to be located in 
tissue of clinical significance where contrast enhancement is 
desired and typically represents a cross-sectional volume of 
the patient taken along the transverse plane and having a 
width ofless than or equal to 10 mm although the invention 
contemplates other widths for example less than 80 mm may 
also be useful. After contrast media is injected at a first time 
50 (represented by process block 56) a set of sequential slice 
images 46b-46d of the same region as the baseline slice 
image data 46a may be taken at regular successive time 
intervals in order to track movement of a bolus of contrast 
material 23 into the tissue of the patient 22. Either by 
observation or by an automatic monitoring of a contrast 
level reaching a predetermined threshold, full volume image 
data 52 is acquired, for example, having a width of many 
tens of centimeters and embracing slice image data 46/ 
corresponding in location to the baseline slice image 46a as 
indicated by process block 60. 
[0061] Referring still to FIGS. 1, 2, and 3, at process block 
62, the baseline slice image data 46a is registered with a 
corresponding slice image data 46/from the volume 52 for 
comparison of the two. Thls registration is straightforward in 
the case where baseline slice image data 46a and corre
sponding slice image data 46/ are part of a single bolus 
acquisition procedure as described above and can rely 
initially on the intrinsic positioning capabilities of the imag
ing machine 12 monitoring the relative position between the 
patient table 19 on whlch the patient 22 lies and the position 
of the plane 20 describing a slice 17 being acquired. Nev
ertheless, the possibility of patient motion, either with 
respect to the table 19 or at a fixed position on the table 19 
and caused by physiological processes such as breathlng, is 
further addressed through an additional registration process. 
This registration process adjusts the relative positioning of 
the slice image data 46a and 46/ to maximize a matchlng of 
corresponding voxels in the different slices. Such registra
tion processes generally operate to minimize cumulative 
differences between corresponding voxels and may employ 
the registration process described, for example, Hill, D. L., 
Batchelor, P. G. , Holden, M., & Hawkes, D, J. (2001), 
"Medical image registration", Physics in medicine & biol
ogy, 46(3), Rl hereby incorporated by reference. 

[0062] In an alternative embodiment, baseline slice image 
data 46' may be acquired from the database 36 at process 
block 54 described above. In this case, a previous scan of the 
patient 22 matching the patient identification number in the 
order received at process block 40 may be selected along 
with slice image data 46' from that scan. Thls selection 
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process may be either by the operator of the imaging 
machine 12 or on an automatic basis by matching data from 
the order 40 with PACs image index data on an automatic or 
semiautomatic basis. The registration process may then 
compare that baseline slice image data 46' with multiple 
slices in the volume 52 to find a corresponding best match 
slice in enhanced slice image data 46/ using the registration 
process applied sequentially to a set of different slices of the 
enhanced slice image data 4(if and comparing the registra
tion fit values produced during that registration process. 
[0063] In both cases, using either the baseline slice image 
data 46a or baseline slice image data 46', at succeeding 
process block 64, the baseline slice image data 46a/46' is 
then compared to the enhanced slice image data 46/ to 
produce a quantified contrast enhancement value character
izing how well the contrast agent 23 has worked under the 
given protocol to enhance the data of the slice image data 
46/ 
[0064] Referring now also to FIG. 7, at a first step of this 
comparison of process block 64, indicated by process block 
66, a region of analysis is identified being a subset of the 
entire slice. In one embodiment, the region may be identified 
as an organ ( either by healthcare professional input or by an 
automatic extraction from the received order at process 
block 40). Well understood segmentation techniques such as 
described in Graffy, P. M. , Sandfort, V Summers, R. M., & 
Pickhardt, P. J., (2019), "Automated liver fat quantification 
at nonenhanced abdominal CT for population-based steato
sis assessment," Radiology, 293(2), 334-342, (incorporated 
by reference) may then be used to isolate the organ as a 
region of analysis 67 to which subsequent analysis will be 
applied. By removing this data more sensitive enhancement 
assessments may be made although the invention contem
plates in some instances that the entire slice image may be 
used as a rough region of analysis 67. 
[0065] Next at process block 68, an optional sub parti
tioning of the region of interest may be performed. For 
example, a thresholding and segmentation process may be 
used to remove air and bone from the image data of the 
baseline slice image data 46a/46' and the enhanced slice 
image data 46/ in cases where these tissues are unlikely to 
represent meaningful enhancement data. In addition, or 
alternatively, each voxel of the baseline slice image data 
46a/46' may be compared to a corresponding registered 
voxel of the enhanced slice image data 46/to see if there is 
any enhancement. Enhancement would be represented by a 
positive (nonzero) difference in corresponding Hounsfield 
numbers. In this case, all other voxels (representing no 
enhancement or negative enhancement) may be removed, 
for example, using a masking technique. This step of dis
tinguishing enhanced voxels may also be employed to 
provide useful data to the healthcare professional with 
respect to the proportion of enhanced versus unenhanced 
voxels that can provide insight into treatment contrast effi
cacy in which can be included in the reports described below 
with respect to process block 82 to be described. 
[0066] At next process block 69, a subtraction image 47 
may be generated by subtracting the baseline slice image 
data 46a/46' on a voxel by voxel basis from corresponding 
voxels of the enhanced slice image data 46/ The resulting 
subtraction image 46 indicates both the location and the 
degree of enhancement of the tissue isolated from variations 
in brightness values of the image reflected in the underlying 
baseline image 46a and 46' in a manner analogous to digital 
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subtraction angiography. The resulting areas 51 showing 
enhancement may be quantified, for example, using methods 
method like standard deviation or texture analysis and 
mapped to colors or legend values to provide more infor
mation to the healthcare professional. 
[0067] At succeeding process block 70, the values of the 
voxels of each of the baseline slice image data 46/46' and 
enhanced slice image data 46/ are separately combined, for 
example, by taking a median of the voxel values. As will be 
understood in the art, this process of taking a median value 
essentially normalizes the values of the voxels to volume by 
dividing the sum of the voxel values by the number of voxels 
and thus isolates the resulting value from variations caused 
by different nU111bers ofvoxels as opposed to different levels 
of enhancement. 
[0068] At process block 72 the median value from the 
baseline slice image data 46/46' is subtracted from the 
median value of the enhanced slice image data 46/ to 
produce a single number representing the quantitative 
enhancement value 74 of the present invention. 
[0069] Note generally that because of the commutative 
properties of many of these above described operations, the 
strict ordering may be changed of process blocks 66-72 to 
produce the same result and accordingly the step should not 
be considered as necessarily requiring performance of these 
process blocks in this order. 
[0070] Referring again to FIGS. 2 and 5, at process block 
76 the quantitative enhancement value 74 is stored with the 
protocol 78 received process block 40 as part of the patient 
record. The protocol 78 referred to in this context is 
described above with respect to process block 40. 
[0071] Process blocks 40, 54, 56, 60, 62, 64 and 76 
described with respect to FIG. 3 may be repeated for 
multiple patients 22 in the normal course of hospital opera
tions to generate multiple records 79 recording associated 
protocol 78 and the quantitative enhancement value 74. As 
indicated by process block 80 of FIG. 3, this data they may 
then be subject to statistical processing to expose correla
tions and relationships between the quantitative enhance
ment value 74 and individual or multiple of the parameters 
of the protocol 78 across many patients 22. Such processing, 
for example, may fit trendlines to scatterplots having points 
distributed in dimensions of the quantitative enhancement 
value 74 and one or more protocol parameters. The trend
lines show the underlying relationships between particular 
parameters and the quantitative enhancement value 74 
revealing a course of possible protocol improvement with 
respect to changes in the parameters. Each of these analyses 
may be presented in one or more reports displayed on 
terminal 34 shown in FIG. 1 and as indicated by process 
block 82 of FIG. 3. 
[0072] Referring now to FIG. 4, in one example investi
gated by the present inventor, quantitative enhancement 
value 74 (indicated in the vertical axis) may be evaluated 
against the paran1eter of patient weight to produce trendlines 
86a and 86b of a report plot 90. Trendline 86a may be 
associated with a first additional protocol parameter repre
senting a setting of the medical imaging machine 12 (a CT 
scanner) to a 120 kV x-ray tube voltage whereas trendline 
86b may represent an x-ray tube voltage of 140 kV. Each of 
the trendlines 86 may be established through a curve fitting 
of a set of data points 92 associated with different patients 
or different medical procedures as part of the routine deliv
ery of medical care. The trendlines 86 in this case provide 
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insight into the fact that for a particular range of patient 
weights between weight lines 94, improved contrast is 
obtained with the first protocol using an x-ray tube voltage 
of 120 kV per trendline 86a. It will be appreciated that other 
characteristics of the patient may be used for example 
discrete categorizations of cardiac output from previous 
contrast enhanced studies. Generally, the horizontal axis 
could categorize any known disease processes such as 
documented liver or kidney disease. 
[0073] Referring now to FIG. 5, an alternative report may 
provide a plot 90 of quantitative enhancement value 74 on 
the vertical axis versus contrast agent cost on the horizontal 
axis. Data points 92 may be collected for imaging using a 
first protocol at a first site with a first group of physicians 
(grouping 93a) and for imaging using a second protocol at 
a second site with a second group of physicians (grouping 
93b). Such a report may reveal the potential for decreasing 
contrast volumes and therefore lowering costs for smaller 
patients by lowering their enhancement equivalent to larger 
patients where such a change would provide uniformity in 
enhancement across patient size 
[0074] Referring now to FIG. 6, an alternative plot. 90 for 
a report may be similarly prepared by plotting quantitative 
enhancement value 74 on the vertical axis versus a contrast 
agent delivery parameter, in this concentration, on the hori
zontal axis. Again, a trendline 86 may be fit to data points 92 
to reveal a possibly optimal concentration 96 using data 
collected during normal provision of healthcare to optimize 
contrast parameters. 
[0075] Referring again to FIG. 2, it will be appreciated 
that the processes of process blocks 40, 54, 56, 60, 62, 64, 
76, 80, and 82 may be performed not merely between a 
baseline slice image data 46a/46' and slice image data 46/ of 
volume 52 but also between this baseline slice image data 
46a/ 46' and a series of subsequent volumes 52', for example, 
in a multiphase study including, for example, one having an 
arterial phase, a late arterial phase, and a parenchymal phase, 
at a final acquisition each separated by tens of seconds or 
minutes. 
[0076] Certain tenninology is used herein for purposes of 
reference only, and thus is not intended to be limiting. For 
exainple, tenns such as "upper", "lower", "above", and 
"below" refer to directions in the drawings to which refer
ence is made. Terms such as "front", "back", "rear", "bot
tom" and "side", describe the orientation of portions of the 
component within a consistent but arbitrary frame of refer
ence which is made clear by reference to the text and the 
associated drawings describing the component under dis
cussion. Such terminology may include the words specifi
cally mentioned above, derivatives thereof, and words of 
similar import. Similarly, the terms "first", "second" and 
other such numerical terms referring to structures do not 
imply a sequence or order unless clearly indicated by the 
context. 
[ 0077] When introducing elements or features of the pres
ent disclosure and the exemplary embodiments, the articles 
"a", "an", "the" and "said" are intended to mean that there 
are one or more of such elements or features. The terms 
"comprising", "including" and "having" are intended to be 
inclusive and mean that there may be additional elements or 
features other than those specifically noted. It is further to be 
understood that the method steps, processes, and operations 
described herein are not to be construed as necessarily 
requiring their performance in the particular order discussed 
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or illustrated, unless specifically identified as an order of 
performance. It is also to be understood that additional or 
alternative steps may be employed. 
[0078] References to "a microprocessor" and "a proces
sor" or "the microprocessor" and "the processor," can be 
understood to include one or more microprocessors that can 
communicate in a stand-alone and/or a distributed environ
ment(s ), and can thus be configured to communicate via 
wired or wireless communications with other processors , 
where such one or more processor can be configured to 
operate on one or more processor-controlled devices that can 
be similar or different devices. Furthermore, references to 
memory, unless otherwise specified, can include one or more 
processor-readable and accessible memory elements and/or 
components that can be internal to the processor-controlled 
device, external to the processor-controlled device, and can 
be accessed via a wired or wireless network. 
[0079] It is specifically intended that the present invention 
not be limited to the embodiments and illustrations con
tained herein and the claims should be understood to include 
modified forms of those embodiments including portions of 
the embodiments and combinations of elements of different 
embodiments as come within the scope of the following 
claims. All of the publications described herein, including 
patents and non-patent publications, are hereby incorporated 
herein by reference in their entireties 
[0080] To aid the Patent Office and any readers of any 
patent issued on this application in interpreting the claims 
appended hereto, applicants wish to note that they do not 
intend any of the appended claims or claim elements to 
invoke 35 U.S.C. 112(f) unless the words "means for" or 
"step for" are explicitly used in the particular claim. 

What we claim is: 
1. A method for assessing contrast enhancement in medi

cal images comprising: 
(a) acquiring, in a medical imaging procedure, enhanced 

volumetric data of tissue using a contrast agent; 
(b) acquiring baseline volumetric data of at least a portion 

of the tissue without enhancement by the contrast 
agent; 

(c) comparing the enhanced volumetric data and baseline 
volumetric data to generate a quantitative enhancement 
value representing an amount of image enhancement in 
the enhanced volumetric data referenced to the baseline 
volumetric data; and 

( d) generating a report linking the quantitative enhance
ment value to the medical imaging procedure. 

2. The method of assessing contrast enhancement of claim 
1 wherein the baseline volumetric data is a subset of the 
enhanced volumetric data. 

3. The method of assessing contrast enhancement of claim 
2 wherein the baseline volumetric data is acquired during the 
medical procedure as a slice selected for bolus monitoring 
prior to acquisition of the enhanced volumetric data. 

4. The method of assessing contrast enhancement of claim 
1 wherein the baseline volumetric data is registered to a 
corresponding volume of the enhanced volumetric data and 
the comparison process compares the baseline volumetric 
data to the corresponding volume of the enhanced volumet
ric data as registered. 

5. The method of assessing contrast enhancement of claim 
4 wherein the registration aligns voxels of the baseline 
volumetric data and enhances volumetric data to minimize a 
difference between corresponding voxel values. 
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6. The method of assessing contrast enhancement of claim 
1 wherein enhanced volumetric data is acquired at different 
phases of contrast agent introduction; 

wherein the enhanced volumetric data for each of the 
different phases is compared to the baseline volumetric 
data to generate a quantitative enhancement value fir 
each of the phases; and 

a report is generated for each of the phases linking the 
quantitative enhancement value to the medical imaging 
procedure. 

7. The method of assessing contrast enhancement of claim 
1 wherein the baseline volumetric data is acquired from a 
database providing volumetric data of a same patient and 
same tissue taken prior to the medical procedure. 

8. The method of assessing contrast enhancement of claim 
1 wherein the quantitative enhancement value is produced 
by determining a difference derived from values ofvoxels of 
the enhanced volumetric data applied against values of 
voxels of the baseline volumetric data . 

9. The method of assessing contrast enhancement of claim 
1 wherein the quantitative enhancement value is produced 
by combining together values derived from multiple voxels 
of the enhanced volumetric data and multiple values of the 
baseline volumetric data. 

10. The method of assessing contrast enhancement of 
claim 1 wherein the quantitative enhancement value is 
produced by an effective scaling of values derived from 
voxels of the enhanced volumetric data and voxels of the 
baseline volumetric data according to a number ofvoxels to 
normalize the quantitative enhancement value to volume. 

11. The method of assessing contrast enhancement of 
claim 1 wherein the quantitative enhancement value is as a 
function of the relative number of voxels of the enhanced 
volumetric data where enhancement has occurred and has 
not occurred. 

12. The method of assessing contrast enhancement of 
claim 1 further repeating (a)-(c) for multiple medical imag
ing procedures having at least one different parameter and 
wherein (d) provides an indication of quantitative enhance
ment value as a function of the different parameters. 

13. The method of assessing contrast enhancement of 
claim 12 wherein the at least one different parameter is 
selected from the group consisting of patient weight and 
predetermined classifications of patient disease progression 
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14. The method of assessing contrast enhancement of 
claim 12 wherein the at least one different parameter is a 
practice group of multiple physicians. 

15. The method of assessing contrast enhancement of 
claim 12 wherein at least one different parameter is a setting 
of a medical imaging machine used for acquiring the 
enhanced volumetric data. 

16. The method of assessing contrast enhancement of 
claim 12 wherein the at least one different parameter is cost 
of contrast agent. 

17. The method of assessing contrast enhancement of 
claim 12 wherein at least one different parameter is a 
protocol for an injection of contrast media. 

18. The method of assessing contrast enhancement of 
claim 1 wherein the enhanced volumetric data and baseline 
volumetric data are acquired with a computed tomography 
machine, wherein the contrast agent includes iodine, and the 
volumetric data is Hounsfield units. 

19. The method of assessing contrast enhancement of 
claim 1 further including: 

(e) subtracting the baseline volumetric data from the 
enhanced volumetric data to generate difference image 
indicating location and degree of image enhancement 
in the enhanced volumetric data. 

20. A system for assessing contrast enhancement in medi
cal images comprising: 

a medical imaging machine; 
a contrast injector adapted for an injection of a contrast 

material in a patient during scanning in the medical 
imaging machine; and 

electronic computer executing a stored program stored in 
non-transitory medimn to: 

(a) receive from the medical imaging machine, in a 
medical imaging procedure, enhanced volumetric data 
of tissue using a contrast agent; 

(b) acquire baseline volumetric data of at least a portion 
of the tissue without enhancement by the contrast 
agent; 

(c) compare the enhanced volumetric data and baseline 
volumetric data to generate a quantitative enhancement 
value representing an amount of image enhancement in 
the enhanced volumetric data referenced to the baseline 
volumetric data; and 

( d) generate a report linking the quantitative enhancement 
value to the medical imaging procedure. 

* * * * * 


