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(57) ABSTRACT

A method and system of CT colonography is presented that
includes the acquisition of energy sensitive or energy-
discriminating CT data from a colorectal region of a subject.
CT data is acquired and decomposed into basis material
density maps and used to differentiate and enhance contrast
between tissues in the colorectal region. The invention is
particularly applicable with the detection of colon polyps
without cathartic preparation or insufflation of the colorectal
region. The invention is further directed to the automatic
detection of colon polyps.

24 Claims, 3 Drawing Sheets
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1
CT COLONOGRAPHY SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates generally to radiographic
imaging and, more particularly, to a method and system of
detecting colon polyps in a colorectal region of a subject
without cathartic preparation or insufflation of the colorectal
region. The present invention is particularly applicable with
photon counting and/or energy discriminating CT systems.

Colorectal cancer is a leading cause of cancer deaths.
There are several accepted screening techniques that have
been developed for the detection of potentially cancerous
polyps. It is widely recognized that if these polyps can be
detected and removed, the incidence and mortality rates of
colorectal cancer may be reduced.

Endoscopic colonoscopy is a common technique
employed to detect potentially cancerous polyps. Colonos-
copy, however, is an invasive and frequently uncomfortable
experience for a patient. Recently, other techniques such as
CT colonography, in which the principles of computed
tomography is used to image the entire colon or colorectal
region of a patient, have been developed and shown to be
highly sensitive in the detection of these potentially cancer-
ous polyps. While a CT colonography exam is considered
much less invasive than a colonoscopy, CT colonography
requires a cathartic bowel preparation, stool marker, and/or
insufflation of the colon to capture contrast between polyps
and stool in an image. While most patients do not experience
complications from this cathartic preparation, the procedure
can be highly disagreeable and is noted as a significant factor
for patient non-compliance with screening regimens.

Furthermore, insufficient preparation can lead to fluid or
stool retention which can obscure findings. As a result, it has
been recommended that two exams be taken: one in the
supine position and one in the prone position. Acquiring CT
data when a patient is in the prone position allows for any
residual fluid to collect at the bottom and allow a radiologist
to uncover any polyps that may have been masked by the
fluid when the patient was in the supine position. While
taking two examines improves overall detection rates, it
increases scan times and decreases patient throughput.

It would therefore be desirable to design a CT system
capable of imaging a colorectal region of a subject with
contrast between polyps and stool without cathartic prepa-
ration or insufflation thereof.

BRIEF DESCRIPTION OF THE INVENTION

The present invention is a directed method and apparatus
for CT colonography that overcomes the aforementioned
drawbacks. The present invention includes a method and
system capable of collecting and characterizing the energy
of radiation received by a radiation detector either through
the use of an energy selective detector or through modulat-
ing the energy range of the x-ray tube source to identify
colon polyps non-invasively and without cathartic prepara-
tion or insufflation of a colorectal region of a subject.

The present invention is applicable with a photon count-
ing (PC) radiographic system having a radiation energy
detector configured to detect radiation energy at a given flux
rate and output signals indicative of the detected radiation
energy. A shaper unit with a given shaping time is connected
to receive the electrical signals and conditions them to
provide electrical pulses indicative of the radiation photon
energy. A PC channel is connected to receive the electrical
signals and sample the electrical pulse signals of a certain
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height or intensity indicative of the photon energy by an
adjustable pulse height discriminator or threshold. The PC
channel is further configured to provide a photon count
output over a sampling interval. The system also includes a
control operationally connected to the PC channel and
configured to automatically adjust the shaping time at least
as a function of the given flux rate. The system also includes
a control operationally connected to the PC channel and
configured to automatically adjust the sensitivity to pulse
height or threshold discriminator as a function of the given
flux rate or shaping time.

The present invention is also applicable with an integrat-
ing energy selective detector, where the received radiation is
registered in two or more energy ranges that may overlap
through the use of either direct or indirect conversion
detector materials using a layered design or depth of inter-
action to differentiate the energy bins.

The present invention is also applicable with a energy
integration detector and an x-ray source modulated to adjust
the spectra for two or more different energy functions.

Therefore, in accordance with one aspect of the present
invention, an imaging scanner is disclosed and includes a
radiation source and a radiation detector. The computer is
operationally connected to the radiation detector and pro-
grammed to process x-ray projection data acquired by the
radiation detector representing a first dataset and a second
dataset. The first dataset is comprised of data at an energy
level different than that of the second dataset. The computer
may then decompose the two sets of energy projection data
into two or more sets of projection data representing the
projection due a first basis material and a second basis
material. The projection of the basis material datasets may
then be reconstructed to form basis material density maps
and used to dataset to delineate composition of a colorectal
region of a subject.

In accordance with another aspect of the present inven-
tion, a method of CT imaging includes acquiring energy
sensitive CT data from an ROI of a subject. The method
further includes decomposing the energy sensitive CT data
into a first energy bin and a second energy bin and encoding
pixels corresponding to data from the first energy bin
dissimilarly than pixels corresponding to data from the
second energy bin to capture contrast in an image of the
ROL

The present invention is also embodied in a computer
program stored on a computer readable storage medium. The
computer program includes a set of instructions that when
executed by a computer causes the computer to receive
energy sensitive CT data acquired from a colorectal region
of a subject and decompose the energy discriminating CT
data into at least two datasets. The computer is also caused
to assign an encoding value to each dataset and reconstruct
an image of the colorectal region with contrast between
normal and abnormal tissue of a colorectal region without
cathartic preparation of the colorectal region.

According to another aspect, the present invention
includes a CT system having a radiation source and a
radiation detector. The CT system further includes a com-
puter programmed to receive data in a first energy spectrum
acquired from a colorectal region of a subject and receive
data in a second energy spectrum acquired from a colorectal
region of a subject. The computer is further programmed to
reconstruct an image of the colorectal region of a subject
with contrast between normal and abnormal tissue of a
colorectal region without cathartic preparation of the col-
orectal region.
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In accordance with yet a further aspect of the present
invention, a CT system is disclosed and includes a radiation
source, a radiation detector, and a computer programmed to
receive data in a first energy spectrum acquired from a
colorectal region of a subject and receive data in a second
energy spectrum acquired from the colorectal region of the
subject. The computer is further programmed to detect and
label intravenous or orally administered contrast agent in the
colorectal region from the received data.

According yet a further aspect of the present invention, a
CT system includes a radiation source as well as a radiation
detector. A computer is included and programmed to receive
data regarding a first energy spectrum acquired from the
colorectal region of a subject as well as receive data regard-
ing a second energy spectrum acquired from the colorectal
region of the subject. The computer is also programmed to
automatically characterize tissue as cancerous and non-
cancerous based upon the received data.

Various other features, objects and advantages of the
present invention will be made apparent from the following
detailed description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate one preferred embodiment pres-
ently contemplated for carrying out the invention.

In the drawings:

FIG. 1 is a pictorial view of a CT imaging system.

FIG. 2 is a block schematic diagram of the system
illustrated in FIG. 1.

FIG. 3 is a block schematic diagram of a detector assem-
bly according to the present invention.

FIG. 4 is a graph illustrating signal amplitude plots for a
number of shaping times for an exemplary PC detector.

FIG. 5 is a flowchart setting forth steps of a CT colonog-
raphy exam according to the present invention.

FIG. 6 is a schematic view of a colorectal region of a
subject having polyps disposed therein.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The operating environment of the present invention is
described with respect to a four-slice computed tomography
(CT) system. However, it will be appreciated by those
skilled in the art that the present invention is equally
applicable for use with single-slice or other multi-slice
configurations. Moreover, the present invention will be
described with respect to the detection and conversion of
x-rays. However, one skilled in the art will further appreciate
that the present invention is equally applicable for the
detection and conversion of other radiation energy sources.

Referring to FIGS. 1 and 2, a computed tomography (CT)
imaging system 10 is shown as including a gantry 12
representative of a “third generation” CT scanner. Gantry 12
has an x-ray source 14 that projects a beam of x-rays 16
toward a detector assembly 18 on the opposite side of the
gantry 12. Detector assembly 18 is formed by a plurality of
detectors 20 which together sense the projected x-rays that
pass through a medical patient 22. Each detector 20 pro-
duces an electrical signal that represents not only the inten-
sity of an impinging x-ray beam but is also capable of
providing photon or x-ray count data and energy level, and
hence the attenuated beam as it passes through the patient
22. During a scan to acquire x-ray projection data, gantry 12
and the components mounted thereon rotate about a center
of rotation 24.

20

25

30

40

45

60

65

4

Rotation of gantry 12 and the operation of x-ray source 14
are governed by a control mechanism 26 of CT system 10.
Control mechanism 26 includes an x-ray controller 28 that
provides power and timing signals to an x-ray source 14 and
a gantry motor controller 30 that controls the rotational
speed and position of gantry 12. A data acquisition system
(DAS) 32 in control mechanism 26 reviews data from
detectors 20 and converts the data to digital signals for
subsequent processing. An image reconstructor 34 receives
sampled and digitized x-ray data from DAS 32 and performs
high speed reconstruction. The reconstructed image is
applied as an input to a computer 36 which stores the image
in a mass storage device 38.

Computer 36 also receives commands and scanning
parameters from an operator via console 40 that has a
keyboard. An associated display screen 42 allows the opera-
tor to observe the reconstructed image and other data from
computer 36. The operator supplied commands and param-
eters are used by computer 36 to provide control signals and
information to DAS 32, x-ray controller 28 and gantry motor
controller 30. In addition, computer 36 operates a table
motor controller 44 which controls a motorized table 46 to
position patient 22 and gantry 12. Particularly, table 46
moves portions of patient 22 through a gantry opening 48.

In one embodiment, CT system 10 is an energy-discrimi-
nating computed tomography (EDCT) system and is con-
figured to be responsive to different incident x-ray spectra.
This can be accomplished by acquiring projection data
sequentially using different x-ray tube voltages. For
example, two scans are acquired either back to back or
interleaved in which the tube operates at 80 kVp and 160
kVp potentials, for example, generating a low and high
energy spectrum respectively. Alternatively, special filters
are placed between x-ray source 14 and the subject 22 such
that detector rows collect projections of different x-ray
energy spectrum either sequentially or interleaved. Yet
another embodiment is to use energy sensitive photon count-
ing detectors such that each x-ray photon reaching the
detector is recorded with its photon energy. Yet another
embodiment is to use energy sensitive detectors such that
direct or indirect conversion material is used to separate
photons into two or more energy bins that may overlap
through the use of detector layers or depth of interaction
detectors.

EDCT can lessen or eliminate problems, such as lack of
energy discrimination or material characterization, associ-
ated with some CT systems altogether. In the absence of
object scatter, ECT system 10 may be used to separately
detect two regions of the incident photon energy spectrum,
the low energy and the high energy portions of the incident
x-ray spectrum. The behavior at any other energy can be
derived based on the signal from the two energy regions.
This phenomenon is driven by the fundamental fact that in
the energy region where CT is interested, two physical
processes dominate the x-ray attenuation: (1) Compton
scatter and (2) the Photoelectric effect. In order to charac-
terize the behavior of an object causing attenuation of the
x-ray beam, two independent parameters are measured.
Thus, detected signals from the two energy regions provide
sufficient information to resolve the energy dependence of
the object being imaged; hence, the composition of the
material can be characterized.

The data analysis used in EDCT includes Compton and
photoelectric decomposition and/or Basis material decom-
position (BMD). In Compton and photoelectric decomposi-
tion, a pair of images is generated, which separately presents
the attenuation from the Compton and photoelectric pro-
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cesses—instead of obtaining one image characterizing the
overall attenuation coefficient in the reconstructed CT
image. Also, a slight modification in the processing allows
the generation of images representing density and effective
atomic number. The BMD method is based on the concept
that the x-ray attenuation of any given material in the energy
range can be represented by a linear combination of a
density mixture of other two known materials. These two
materials are called the Basis Materials. Using BMD, two
reconstructed images are obtained, each image representing
the equivalent density of one of the basis materials. Since
density is independent of x-ray photon energy, these images
are relatively free of beam hardening artifacts. Additionally,
the basis material is chosen to target a material of interest,
thus enhancing the image contrast.

It should be noted that in order to optimize a multi-energy
CT system not implementing energy discrimination with
photon counting, the larger the energy separation in the x-ray
spectra, the better the image quality. Also, the photon
statistics in these two energy regions should be comparable,
otherwise the energy region with reduced statistical infor-
mation will dominate the noise in the reconstructed image.

There are different methods to obtain dual energy mea-
surements: (1) scan with two distinctive energy spectra, (2)
detect photon energy according to penetration depth at the
detector, or (3) photon counting with energy discrimination.
Photon counting provides clean spectra separation and an
adjustable energy separation threshold for balancing photon
statistics.

While applicable with each of the aforementioned meth-
ods, the present invention will be further described with
respect to a multi-energy system having energy discriminat-
ing radiation detectors capable of counting photon events
and associating an energy level to a counted event. To
combat saturation of these detectors, a number of saturation
techniques may be used. One such technique is described
below.

Generally, high-sensitivity photon counting radiation
detectors are constructed to have a relatively low dynamic
range. This is generally considered acceptable for photon
counting detector applications since high flux conditions
typically do not occur. In CT detector designs, low flux
detector readings through the subject are typically accom-
panied by areas of high irradiation in air, and/or within the
contours of the scan subject requiring CT detectors to have
very large dynamic range responses. Moreover, the exact
measurement of photons in these high-flux regions is less
critical than that for low-flux areas where each photon
contributes an integral part to the total collected photon
statistics. Notwithstanding that the higher flux areas may be
of less clinical or diagnostic value, images reconstructed
with over-ranging or saturated detector channel data can be
prone to artifacts. As such, the handling of high-flux con-
ditions is also important.

An x-ray flux management control is designed to prevent
saturation of PC x-ray systems having detector channels
characterized by low dynamic range. Dynamic range of a
detector channel defines the range of x-ray flux levels that
the detector channel can handle to provide meaningful data
at the low-flux end and not experience over-ranging or
saturating at the high flux end. Notwithstanding the need to
prevent over-ranging and to provide diagnostically valuable
data, the handling of low-flux conditions, which commonly
occur during imaging through thicker cross-sections and
other areas of limited x-ray transmission, is also critical in
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detector design. As such, the x-ray flux management control
described herein is designed to satisfy both high flux and low
flux conditions.

Generally, operation of a photon counting detector is
characterized by a shaping time curve that is fixed. The
shaping time curve defines a relationship or balance between
charge integration time (single-event signal level) and detec-
tor channel recovery time so as to provide acceptable PC
count-rates, noise suppression, and energy resolution. Typi-
cally, the detector channel is constructed to have a shaping
time that favors low-flux rate conditions. That is, for low-
flux rate conditions, which translate to fewer x-ray photons,
a longer shaping time is preferred so that the entire photon
charge cloud is integrated and SNR is optimized. There is
generally relatively little constraint on the time necessary to
integrate the entire photon cloud. Since the condition is
characterized by low-flux, the detector channel is not likely
to saturate while integrating or otherwise sampling the entire
photon cloud. On the other hand, the low-flux rate favored,
fixed time shaping may be insufficient for high-flux rate
conditions. Moreover, if the time shaping is fixed to match
or correspond to high-flux rate conditions, a negative impact
on SNR and energy resolution during low-flux rate condi-
tions follows.

Accordingly, the CT system is designed to dynamically
and automatically control the shaping time of a detector
channel such that low-flux as well as high-flux rate condi-
tions are optimally addressed. Referring now to FIG. 3, a
block schematic diagram of an x-ray detection system 50
applicable with the present invention is shown. System 50
includes a PC channel 52 connected to receive electrical
signals from a detector element 54. Detector 54 is con-
structed to detect x-rays 16 projected by an x-ray source and
attenuated by a subject, such as a medical patient. It is
understood that the present invention is applicable with
gamma rays and other forms of radiographic energy.

PC channel 52 includes a low-noise/high-speed charge
amplifier 56 connected to receive the electrical signals from
detector element 54. The amplified output of amplifier 56 is
then input to a signal shaper 58 constructed to extract
individual photon events from the electrical signals. Energy
level discriminator 60 is connected to signal shaper 58 and
is designed to filter photons based on their pulse height
energy level relative to one or more thresholds. To this end,
those photons having energy levels outside a desired range
are excluded from counting and processing for image recon-
struction. Minimally, discriminator 60 is designed to exclude
those photons having an energy level corresponding to noise
in the system. It is contemplated that multiple thresholds
may be used to define energy level ranges. Counting element
62 receives those photons not filtered out by energy level
discriminator 60 and is constructed to count the number of
photons received at the detector and provide a corresponding
output 64. As will be described and in contrast to known PC
channels, operation PC channel 52 is governed by a variable
shaping time.

PC channel 52 is operationally connected to a control 66
that includes a shaping time controller 68 and, preferably, an
energy level controller 70. While it is preferred that control
66 include energy level controller 70, it is contemplated that
the present invention may be carried out without it. In one
embodiment, PC channel 52 includes an active filter whose
operation defines the channel’s shaping time. In this regard,
resistive and capacitive characteristics of the active filter can
be adjusted to manipulate the channel’s shaping time prop-
erties.
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Shaping time controller 68 is connected to PC channel 52
and is designed to adjust the shaping time characteristics of
PC channel 52 based on photon count feedback received
across feedback loop 72. More particularly, shaping time
controller 68 increases the channel’s shaping time when the
detector element is exposed to low x-ray flux as measured by
the number of photons counted 64. In contrast, when the
x-ray flux on the detector element 54 increases, the time
shaping controller decreases the time shaping or sampling
window of PC channel 52.

As such, when the detector is experiencing higher x-ray
flux, the amount of time the PC channel spends sampling the
photon charge cloud is reduced. Accordingly, less precise
photon and energy discriminatory data with respect to the
photon charge cloud is determined; however, the channel
recovers at a rate sufficient to avoid over-ranging. In this
regard, as the shaping time or sampling window is caused to
decrease, more photons are inspected for data, i.e. counted,
while each detected photon provides less precise energy
discriminatory information. And, under high flux conditions,
each individual photon assumes less importance and the
overall system performance and image quality is minimally
impacted by the reduced SNR. On the other hand, when the
detector is experiencing lower x-ray flux, the amount of time
the PC channel spends to sample the photon charge cloud is
lengthened which allows sufficient time to sample the entire
photon charge cloud and attain relatively precise photon
count and energy discriminatory data.

As referenced above, control 66 includes, in one embodi-
ment, an energy level controller 70. Since the measured
photon signal levels vary with channel shaping time, auto-
matic energy discriminator energy level controller 70 is
coupled to shaping time controller 68 and PC channel 52 to
adjust or otherwise calibrate the energy level threshold of the
PC channel in response to an adjustment in the shaping time.
By performing appropriate channel calibration, photons
having an acceptable or decreased energy level are counted
to assure linear energy response independent of channel
shaping time and count rate.

Referring now to FIG. 4, a number of amplitude plots for
several shaping time curves for an exemplary PC channel
are illustrated. Decreasing the shaping time increases the
potential count rate but, as shown, decreases the signal
amplitude and increases noise. Specifically, adjusting the
time shaping defined by curve 74 to that defined by curve 76
increases the potential count rate, but causes an inversely
related decline in collective signal strength of the counted
photons and negatively affects SNR. A further decrease in
shaping time, i.e. curve 76 to curve 78 results in a further
increase in count rate potential, but with additional decline
in signal strength and SNR.

The present invention is further directed to CT colonog-
raphy with the capturing of contrast between polyps and
stool in a colorectal region of a patient using energy-
discriminating CT data acquired with a CT system such as
that described with respect to FIGS. 1-4. As described
above, it is critical to prevent saturation or over-ranging of
energy discriminating detectors at high x-ray flux conditions
such that the output of a given radiation detector may be
used for image reconstruction. Heretofore, a variable shap-
ing time controller has been described to prevent over-
ranging of a radiation detector. However, it is contemplated
that the present invention is applicable with CT systems
incorporating other techniques and mechanisms to prevent
over-ranging of radiation detectors under high flux condi-
tions including, but not limited to, dynamic collimation,
dynamic two-current control, and variable shaped bowtie

10

20

25

40

45

60

65

8

filters. In this regard, the energy sensitive or discriminating
CT data avoids the inherent uncertainty of CT data acquired
with a conventional CT system. That is, it is well known that
different materials or mixtures of materials having different
attenuation properties can produce the same CT or Hounds-
field number if the density values are different such that the
product of attenuation and density in the differing materials
are equal. That is, the CT number for a given image voxel
is a function of the number of photons impinged upon the
radiation detector as well as the energy level of the x-rays
received.

In contrast, the CT system described herein is capable of
counting the number of photons received as well as deter-
mining an energy level for each received or counted photon.
As will be described in greater detail below, it is possible
from the photon count as well as the energy level of a
counted photon to determine not only the density of an
imaged material as well as the type of material imaged. This
information can then be used to distinguish between stool
and polyps or between contrast agent such as an intrave-
nously administered lodine and/or orally administered
Barium Sulfate agent, and other tissues of similar CT
number characteristics. One skilled in the art will appreciate
that intravenous lodine goes to the polyps or the colon wall
whereas orally administered Barium Sulfate goes to the
stool. The present invention is applicable with each and may
be used to distinguish between unenhanced tissues and
contrast enhanced tissues. Further, the present invention
may be used to distinguish between different contrast agents
delivered to different sites or tissues.

Referring now to FIG. 5, the steps of a colonography
imaging process in accordance with one embodiment of the
present invention will be described. The process 80 begins
at 82 with the prescription of a CT exam to acquire CT data
from a colorectal region of a patient. A CT scan is then
administered at 84 consistent with the parameters estab-
lished at 82 to acquire projections of energy sensitive CT
data. As described above, energy sensitive CT data includes
photon count as well as energy level information. As the
acquired CT data includes photon counts as well as energy
level information, the present invention contemplates a
comparison of a projection to a threshold at 86 so as to bin
the projection data into one or more energy bins. As such,
projection is compared to a threshold at 88. Depending upon
where the projection falls with respect to the threshold, the
projection will be classified in either a first energy bin 90 or
a second energy bin 92. In one contemplated example, the
energy bins correspond to data acquired from contrast agent
versus data acquired from water. While only two energy bins
are illustrated in FIG. 5, it is contemplated that more than
two energy bins or classifications may be applied in decom-
posing the energy sensitive CT data. It is also contemplated,
as described above, that two or more energy bins may be
acquired through other mechanisms, such as the use of
modulating the energy spectra of the x-ray tube either
through the adjustment of the peak voltage (kVp) or through
the use of special filter materials.

Once the energy bins are computed, the energy bins are
decomposed into projection CT data representing two basis
materials 94. The two projection data sets are processed to
form a reconstructed image of the density value of the first
material 96 and a second material 98. It is contemplated that
in lieu of decomposing the energy bins into two basis
materials, the energy bins can be decomposed into another
set of orthogonal basis functions, such as: effective atomic
number and density, or photoelectric and Compton scatter-
ing components. Once the basis material density values are
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available, the two dimensional information can be used to
differentiate the materials found in the colorectal region base
on the two dimensional basis material density data 100. The
two dimensional data has more information than the one
dimensional data that is available from a conventional CT
processing technique. Furthermore, the decomposition tech-
nique can separate materials that have the same CT number
but a different representation in the basis material two-
dimensional map due to different chemical compositions. In,
this regard, more contrast between materials is generated
using the material basis decomposition. The process is then
completed at 102 with displaying of the image for evaluation
by a radiologist or other health care provider. The display of
the image can include additional post-processing of the data
to generate a color-coded image that highlights materials of
specific chemical compositions.

In the example illustrated above, the energy bins are
designed to segment data corresponding to water from data
corresponding to orally administered contrast agent. In this
regard, the corresponding projections will be reconstructed
to form images that represent the density of the contrast
agent administered as well as the density of the water present
in the image. As such, areas in the image that are infused
with contrast agent will be differentiated from normal tissue
more easily than relying on CT number density alone.
Further, different tissues can be classified and separated, and
ultimately differentially weighted such that tissue differen-
tiation within the image is more readily ascertainable even
though the CT number associated with the tissues and/or
contrast agent is equal. In this regard, each pixel in a
reconstructed image may be encoded with a value that
during image reconstruction is used to differentiate that
imaged in a given pixel from that imaged in another pixel.
It is also contemplated that rather than a composite image,
an image of only colon polyps may be reconstructed. That is,
based on the tissue differentials consistent with the photon
count and energy discriminating data, data corresponding to
colon polyps can be isolated and used for image reconstruc-
tion while all non-polyp data is set to a background level.

Referring now to FIG. 6, a colorectal region of a subject
is schematically illustrated as including a polyp 106 sur-
rounded by stool 108 in the colorectal region 104. In a
preferred embodiment, the colorectal region is not insuf-
flated or subjected to cathartic preparation prior to CT data
acquisition. It is contemplated, however, the a contrast agent
such as an intravenously administered lodine or orally
administered Barium Sulfate may be used to further capture
contrast between colon polyps that may be potentially
cancerous from normal tissue within the colorectal region.
As is well known, a contrast agent may be selected that is
easily absorbed by cancerous cells but not other tissues
within the colorectal region. As such, cancerous or other
pathological abnormalities within the colorectal region may
develop pools of contrast agent that can be used to identity
a potentially cancerous colon polyp. In this regard, through
the acquisition and decomposing of energy sensitive and/or
energy discriminating CT data, it is possible to identify,
automatically, a malignant polyp within the colorectal
region. That is, the material basis density values can indicate
that contrast agent targeted to cancerous cells is present in
the polyp as opposed to naturally occurring tissue that may
have similar CT number. For example, the material basis
values may be compared to a lookup table of empirical data
and based on that comparison can be identified as a colon
polyp or stool. Additionally, by comparing material density
values to a neighboring values in a reconstructed image, it
is possible to determine the size as well as shape of an
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identified or detected colon polyp. In this regard, it is
possible to implement detection processes to use the CT
number, shape, texture, and material composition of a
selected portion of a reconstructed image to automatically
detect and characterize colon polyps.

Therefore, the present invention includes an imaging
scanner. The imaging scanner includes a radiation source
and a radiation detector. The computer is operationally
connected to the radiation detector and programmed to
decompose CT data acquired by the radiation detector into
a first dataset and a second dataset to delineate composition
of a colorectal region of a subject. The first dataset is
comprised of data at an energy level different than that of the
second dataset.

A CT system is present and acquires energy sensitive CT
data from an ROI of a subject. The method further includes
decomposing the energy sensitive CT data into a first energy
bin and a second energy bin and encoding pixels corre-
sponding to data from the first energy bin dissimilarly than
pixels corresponding to data from the second energy bin to
capture contrast in an image of the ROI.

The present invention further includes a computer pro-
gram stored on a computer readable storage medium. The
computer program includes a set of instructions that when
executed by a computer causes the computer to receive
energy-discriminating CT data acquired from a colorectal
region of a subject and decompose the energy-discriminat-
ing CT data into at least two datasets. The computer is also
caused to assign an encoding value to each dataset and
reconstruct an image of the colorectal region with contrast
between normal and abnormal tissue of a colorectal region
without insufflation of the colorectal region.

Additionally, the present invention includes a CT system
having a radiation source and a radiation detector. The CT
system further includes a computer programmed to receive
data in a first energy spectrum acquired from a colorectal
region of a subject and receive data in a second energy
spectrum acquired from a colorectal region of a subject. The
computer is further programmed to reconstruct an image of
the colorectal region of a subject with contrast between data
within the first energy spectrum and data within the second
energy spectrum.

Further, in accordance with the present invention, a CT
system is disclosed and includes a radiation source, a
radiation detector, and a computer programmed to receive
data in a first energy spectrum acquired from a colorectal
region of a subject and receive data in a second energy
spectrum acquired from the colorectal region of the subject.
The computer is further programmed detect a labeled con-
trast agent in the colorectal region from the decomposed
data.

The present invention further includes a CT system hav-
ing a radiation source as well as a radiation detector. A
computer is included and programmed to receive data
regarding a first energy spectrum acquired from the colorec-
tal region of a subject as well as receive data regarding a
second energy spectrum acquired from the colorectal region
of the subject. The computer is programmed to decompose
the energy sensitive data into material basis function data.
The computer is also programmed to automatically charac-
terize tissue as cancerous and non-cancerous based upon the
received data.

The present invention has been described in terms of the
preferred embodiment, and it is recognized that equivalents,
alternatives, and modifications, aside from those expressly
stated, are possible and within the scope of the appending
claims.
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What is claimed is:

1. An imaging scanner comprising:

a radiation source;

a radiation detector; and

a computer programmed to decompose CT data acquired

by the radiation detector into a first dataset and a second
dataset to delineate composition of a colorectal region
of a subject, the colorectal region having an intrave-
nously administered contrast agent positioned in a
polyp attached to a colon wall, wherein the first dataset
is comprised of data at an energy level different than
that of the second dataset.

2. The imaging scanner of claim 1 wherein the computer
is further programmed to reconstruct an image of the col-
orectal region of the subject with contrast between stool and
polyps.

3. The imaging scanner of claim 2 wherein the computer
is further programmed to display the image with color-coded
differentiation between the stool and the polyps.

4. The imaging scanner of claim 1 wherein the computer
is further programmed to decompose the CT data such that
the first dataset is comprised of data corresponding to water
and the second dataset is comprised of data corresponding to
contrast agent.

5. The imaging scanner of claim 1 wherein the computer
is further programmed to automatically determine presence
of colon polyps in the colorectal region of the subject from
the decomposed CT data.

6. The imaging scanner of claim 5 wherein the computer
is further programmed to compare a material basis density
pair to a look-up table and, from the comparison, determine
if that imaged corresponds to a colon polyp.

7. The imaging scanner of claim 6 wherein the computer
is further programmed to image the colorectal region of the
subject with colon polyp detection without cathartic prepa-
ration or insufflation of the colorectal region of the subject.

8. A method of CT imaging comprising the steps of:

acquiring energy sensitive CT data from an ROI of a

subject;

decomposing the energy sensitive CT data into a first

energy bin and a second energy bin, wherein the first
energy bin is segmented to represent a density of a
contrast agent intravenously administered and the sec-
ond energy bin is segmented to represent a density of
water; and

encoding pixels corresponding to data from the first

energy bin dissimilarly than pixels corresponding to
data from the second energy bin to enhance contrast in
an image of the ROI.

9. The method of claim 8 wherein the ROI includes a
colorectal region of the subject and further comprising the
step of introducing a contrast agent into the ROL

10. The method of claim 8 further comprising the step of
imaging the ROI without cathartic preparation or insufflation
of the ROL.

11. The method of claim 8 further comprising the step of
decomposing the energy sensitive CT data into a first energy
bin comprised of data corresponding to water and a second
energy bin comprised of data corresponding to contrast
agent.

12. The method of claim 11 further comprising the step of
reconstructing an image of the ROI with color-coded dif-
ferentiation between data of differentiated materials.

13. The method of claim 8 further comprising the step of
reconstructing a single image comprised of data from a CT
image and two-dimensional basis material data.
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14. A computer readable storage medium having a com-
puter program stored thereon and representing a set of
instructions that when executed by a computer causes the
computer to:

receive energy sensitive CT data acquired from a colorec-

tal region of a subject;

decompose the energy sensitive CT data into at least two

datasets;

assign an encoding value to each dataset; and

reconstruct an image of the colorectal region with contrast

between stool and abnormal tissue of the colorectal
region without insufflation of the colorectal region, the
abnormal tissue having a first contrast agent therein,
and the stool having a second contrast agent therein.

15. The computer readable storage medium of claim 14
wherein the computer is further caused to color-code the
image to enhance contrast between materials of the colorec-
tal region.

16. The computer readable storage medium of claim 14
wherein the computer is further caused to automatically
determine colon polyps in the colorectal region.

17. The computer readable storage medium of claim 16
wherein the computer is further caused to compare material
basis data from the energy sensitive CT data to a threshold
and, based on the comparison, determine colon polyp pres-
ence in the colorectal region.

18. The computer readable storage medium of claim 14
wherein the computer is further programmed to decompose
the energy sensitive CT data into datasets representing two
basis materials.

19. The computer readable storage medium of claim 18
wherein the contrast agent dataset includes data acquired
from a intravenous or orally administered contrast agent into
the colorectal region of the subject.

20. A CT system comprising:

a radiation source;

a radiation detector; and

a computer programmed to:

receive data in a first energy spectrum acquired from a

colorectal region of a subject, the colorectal region
comprising stool, polyps, and a colon wall wherein
iodine is an intravenously administered contrast agent
in one of the polyps and the colon wall;

receive data in a second energy spectrum acquired from

the colorectal region of the subject; and

reconstruct an image of the colorectal region of the

subject with contrast between data in the first energy
spectrum and data in the second energy spectrum.

21. A CT system comprising:

a radiation source;

a radiation detector; and

a computer programmed to:

receive data in a first energy spectrum acquired from a

colorectal region of a subject;

receive data in a second energy spectrum acquired from

the colorectal region of the subject; and

detect a labeled, intravenously administered contrast

agent delivered to an abnormal tissue of the colorectal
region from the received data.

22. A CT system comprising:

a radiation source;

a radiation detector; and

a computer programmed to:

receive data regarding a first energy spectrum acquired

from a colorectal region of a subject;

receive data regarding a second energy spectrum acquired

from the colorectal region of the subject; and
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automatically characterize tissue as cancerous and non-
cancerous based upon the received data.

23. A method of CT imaging comprising the steps of:

acquiring energy sensitive CT data from an ROI of a
subject, wherein the ROl includes a colorectal region of
the subject;

introducing a contrast agent into the ROI;

decomposing the energy sensitive CT data into a first
energy bin and a second energy bin; and

encoding pixels corresponding to data from the first
energy bin dissimilarly than pixels corresponding to
data from the second energy bin to enhance contrast in
an image of the ROI.
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24. A method of CT imaging comprising the steps of:

acquiring energy sensitive CT data from an ROI of a
subject;

imaging the ROI without cathartic preparation or insuf-
flation of the ROI,

decomposing the energy sensitive CT data into a first
energy bin and a second energy bin; and

encoding pixels corresponding to data from the first
energy bin dissimilarly than pixels corresponding to
data from the second energy bin to enhance contrast in
an image of the ROI.
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