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7) ABSTRACT

Discussed herein is an image processing device and a corre-
sponding method for assessing inflammatory bowel diseases.
A plurality of dynamic MRI sequence of images of a bowel
that include peristalsis information of the bowel and static
MRI image(s) of the bowel that identify at areas of inflam-
mation, stenosis, and increased mural thickness of the bowel
are processed. A displacement of the bowel caused by respi-
ration of the patient is conducted on the dynamic MRI
sequences by performing a non-rigid registration. A peristal-
tic activity is determined by performing motion flow analysis
on the dynamic sequences of images. A peristaltic activity of
the static MRI image(s) based on a weighted sum of two
closest dynamic MRI sequences of images is computed and
the static image is combined with the closest dynamic MRI
sequence of images by performing a multi-modal registra-
tion.
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MANAGEMENT, ASSESSMENT AND
TREATMENT PLANNING FOR
INFLAMMATORY BOWEL DISEASE

INCORPORATION BY REFERENCE

[0001] This disclosure claims the benefit of U.S. Provi-
sional Application No. 61/906,559, filed on Nov. 20, 2013,
the disclosure of which is incorporated herein by reference in
its entirety.

FIELD OF INVENTION

[0002] The present disclosure relates to assessment and
characterization of inflammatory bowel disease such as
Crohn’s disease, ulcerative colitis, collagenous colitis, lym-
phocytic colitis and the like, based on new multimodal mag-
netic resonance imaging biomarkers. Specifically, a manage-
ment, assessment and treatment planning (MAP) system
described herein merges anatomical and structural informa-
tion of the small bowel with quantitation of peristaltic activity
in order to facilitate quantitative, accurate and objective diag-
nosis, longitudinal follow up, and assessment of patients with
bowel diseases.

BACKGROUND

[0003] The background description provided herein is for
the purpose of generally presenting the context of the disclo-
sure. Work of the presently named inventors, to the extent the
work is described in this background section, as well as
aspects of the description that may not otherwise qualify as
prior art at the time of filing, are neither expressly nor
impliedly admitted as prior art against the present disclosure.

[0004] Clinical identification of inflammatory bowel dis-
ease 1s performed based on clinical symptoms (which are
largely subjective), with confirmation using an endoscopy
and/or colonoscopy with tissue biopsy. However, these tech-
niques have limited access to areas of the small bowel, carry
a risk of perforation, and don’t provide an accurate assess-
ment of disease severity. While magnetic resonance enterog-
raphy is one of the best non-invasive imaging technologies for
evaluating inflammatory bowel disease, its interpretation
remains subjective and variable, especially when it comes to
assessing the severity of inflammatory bowel disease in the
small bowel. Thus this invention addresses the creation of
computer-aided diagnosis and decision support systems to
assess presence and severity of inflammatory bowel disease.

[0005] Crohn’s Disease Activity Index (CDAI), as
described by Best et al. in “Development ofa Crohn’s Disease
Activity Index”, National Cooperative Crohn’s Disease
Study. Gastroenterology 70, 439-444 (1976), and incorpo-
rated by reference in its entirety, is a symptom-based score
used to quantify the symptoms of patients with Crohn’s dis-
ease. The CDAI is a single index that is used for assessing a
variety of therapies in Crohn’s disease. Specifically, CDAI
combines eight different clinical variables in its computation
and is usually based on averaging scores over the course of a
week. Thus, due to its dependency on a large time-interval
(such as a week or the like), the use of the CDAI index has
been limited to the realm of clinical trials. Additionally, a
widely acknowledged limitation of the CDAI technique is
lack of specificity, and as a result, experts support the notion
of replacing the CDAI technique to quantify Crohn’s disease
by a robust alternative.
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[0006] A non-invasive technique for developing disease
indexes, proposed by Steward et al. in “Non-Perforating
Small Bowel Crohn’s Disease Assessed by MRI Enterogra-
phy: Derivation and Histopathological Validation of an MR-
based Activity Index”, European Journal of Radiology, v. 81
(9), 2080-2088 (2012), and incorporated herein by reference
in its entirety, is a magnetic resonance based index of luminal
small bowel Crohn’s disease activity. However, in the tech-
nique used by Stewart, only breath-hold examinations are
considered, and no motility information is included in the
formulation of the disease index that uses only manual mea-
surements of the mural thickness.

[0007] A technique to quantify different grades of bowel
motility in patients using non-rigid registration and intensity
changes was proposed by Odille et al. in “Quantitative
Assessment of Small Bowel Motility by Non-rigid Registra-
tion of Dynamic MR Images”, Magnetic Resonance in Medi-
cinevol. 68. 783-793 (2012), and is incorporated by reference
in its entirety. However, in the technique proposed by Odille,
only breath-hold cine magnetic resonance imaging was con-
sidered thereby limiting the potential applicability of the
method. Furthermore, the proposed technique did not provide
any structural information of the bowel.

[0008] Ina similar work, proposed by Hamy et al. in “Res-
piratory Motion Correction in Dynamic-MRI: Application to
Small Bowel Motility Quantification during Free Breathing”,
Medical Image Computing and Computer-Assisted Interven-
tion—MICCALI, vol.2. 132-140 (2013), and incorporated by
reference in its entirety, a technique of respiratory motion
correction in free-breathing sequences was proposed. Spe-
cifically, the technique used an iterative registration method
based on principal component analysis to compensate for the
breathing movements of the patient. However, the resulting
peristaltic activity maps that were created provided only
qualitative information, rather than an objective measure-
ment of the intestinal activity, e.g. in millimeters per second.
Moreover, the proposed technique of Hamy did not provide
any structural information of the bowel.

[0009] Farghal et al. proposed a method “Developing a new
measure of small bowel peristalsis with dynamic MR: a proof
of concept study”, Acta-Radiologica vol. 53 593-600 (2012),
and incorporated by reference in its entirety, to estimate a
parametric map for small bowel peristalsis in breath-hold
dynamic MR images. The method estimated the motility of
the small bowel by means of the mean change in signal
amplitude. However, the method of Farghal did not describe
or consider any structural information of the bowel.

[0010] Additionally, Schuffler et al., proposed a technique
based on magnetic resonance imaging in “A Model Develop-
ment Pipeline for Crohn’s Disease Severity Assessment from
Magnetic Resonance Images”, MICCAI Workshop on
Abdominal Imaging: Computational Challenges and Clinical
Applications, (2013), and incorporated by reference in its
entirety, to assess the severity of Crohn’s disease in the intes-
tinal tract. The proposed technique employed machine learn-
ing approaches to quantify disease severity. However, the
predictive features were manually defined by the clinical
expert, and the use of dynamic MRI sequences was not
described or considered. Furthermore, the motility of the
small bowel was not considered as a predictive feature.
[0011] Furthermore, in the work of Froechlich I. M., et al.
“MR motility imaging in Crohn’s disease improves lesion
detection compared with standard MR imaging,” Gas-
trointestinal, 20 (8), 2010, incorporated by reference in its
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entirety, and the work of Menys, A., et al. “Quantified termi-
nal ideal motility during MR enterography as a potential
biomarker of Crohn’s disease activity: a preliminary study,”
Gastrointestinal, 22(11), 2012, and incorporated herein by
reference in its entirety, it has been shown that motility (peri-
staltic activity) of the small bowel correlates with the severity
of inflammatory bowel disease.

[0012] Accordingly, there is a requirement for assessing
and characterizing inflammatory bowel disease by merging
and quantifying anatomical and structural information of the
small bowel with the quantification of peristaltic activity in
order to facilitate accurate and objective diagnosis, monitor
efficacy of treatment, evaluate new medical therapies, and
thus ensure more directed treatment in inflammatory bowel
disease.

SUMMARY

[0013] The present disclosure provides for an image pro-
cessing device and a corresponding method that provides for
an imaging biomarker used for the diagnosis, treatment and
planning (follow up) of patients with inflammatory bowel
diseases. Specifically, the technique for diagnosing bowel
diseases as described by the present disclosure, merges infor-
mation provided by two magnetic resonance enterography
(MRE) sequences and creates a set of images that allow the
physician/expert to simultaneously analyze the quantitative
peristaltic activity extracted from a first MRE sequence (such
as fast imaging employing steady-state acquisition, FIESTA)
along with the patient’s structural details provided by a sec-
ond MRE sequence (such as single-shot fast spin echo,
SSFSE).

[0014] According to one embodiment, the image process-
ing device obtains the MRE sequences of a patient as inputs
and compensates for the breathing motion in the first MRE
sequence (or equivalent). The peristaltic activity is quantified
to create a personalized activity map of the small bowel.
Further, using multimodal image fusion, based on a similarity
measure, the intestinal activity map is merged/fused with the
structural information imaging provided by the second MRE
sequence (or equivalent), thus creating a new image and
biomarkers that provide structural and functional information
of the patient in a simultaneous fashion. The fusion and quan-
tification of the two MRE sequences is of great relevance for
the diagnosis (and treatment) of inflammatory bowel dis-
eases.

[0015] Accordingly, one embodiment of the present disclo-
sure provides for an image processing device for assessing
inflammatory bowel disease based on magnetic resonance
imaging (MRI). The image processing device includes pro-
cessing circuitry that is configured to receive, a plurality of
dynamic MRI sequence of images of a bowel of a patient,
each MRI sequence of images including peristalsis informa-
tion of the bowel, and receive at least one static MRI image of
the bowel of the patient, wherein the static MRI image iden-
tifies at least one of areas of inflammation, stenosis, and
increased mural thickness of the bowel. The processing citr-
cuitry is further configured to compensate for a displacement
of the bowel caused by respiration of the patient, by perform-
ing a non-rigid registration for each dynamic MRI sequence
of images, compute, for each dynamic MRI sequence of
images, a peristaltic activity map by performing motion
analysis on the MRI sequence of images, determine a peri-
staltic activity for the at least one static MRI image based on
a weighted sum of two closest dynamic MRI sequences of
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images, the two closest dynamic MRI sequences being deter-
mined based on a similarity measure of the static MRI image
and the plurality of dynamic MRI sequences of images, and
combine the static MRI image and the closest dynamic MRI
sequence of images by performing multi-modal registration
of the static MRI image and a reference image of the closest
dynamic MRI sequences of images.

[0016] According to one embodiment is provided a method
for assessing inflammatory bowel disease based on magnetic
resonance imaging (MRI). The method includes: receiving, a
plurality of dynamic MRI sequence of images of a bowel of a
patient, each MRI sequence of images including peristalsis
information of the bowel and receiving at least one static MRI
image of the bowel of the patient, wherein the static MRI
image identifies at least one of areas of inflammation, steno-
sis, and increased mural thickness of the bowel. The method
also includes compensating for a displacement of the bowel
caused by respiration of the patient, by performing a non-
rigid registration for each dynamic MRI sequence of images;
computing, for each dynamic MRI sequence of images, a
peristaltic activity map by performing motion analysis on the
MRI sequence of images determining a peristaltic activity for
the at least one static MRI image based on a weighted sum of
two closest dynamic MRI sequences of images, the two clos-
est dynamic MRI sequences being determined based on a
similarity measure of the static MRI image and the plurality
of dynamic MRI sequences of images; and combining the
static MRI image and the closest dynamic MRI sequence of
images by performing multi-modal registration of the static
MRIimage and a reference image ofthe closest dynamic MRI
sequences of images.

[0017] According to one embodiment of the present disclo-
sure is provided a non-transitory computer readable medium
having stored thereon a program that when executed by a
computer causes the computer to execute a method that
includes: receiving, a plurality of dynamic MRI sequence of
images of a bowel of a patient, each MRI sequence of images
including peristalsis information of the bowel and receiving
at least one static MRI image of the bowel of the patient,
wherein the static MRI image identifies at least one of areas of
inflammation, stenosis, and increased mural thickness of the
bowel. The method also includes compensating for a dis-
placement of the bowel caused by respiration of the patient,
by performing a non-rigid registration for each dynamic MRI
sequence of images; computing, for each dynamic MRI
sequence of images, a petistaltic activity map by performing
motion analysis on the MRI sequence of images determining
a peristaltic activity for the at least one static MRI image
based on a weighted sum of two closest dynamic MRI
sequences of images. the two closest dynamic MRI sequences
being determined based on a similarity measure of the static
MRI image and the plurality of dynamic MRI sequences of
images; and combining the static MRI image and the closest
dynamic MRI sequence of images by performing multi-
modal registration of the static MRI image and a reference
image of the closest dynamic MRI sequences of images.

[0018] The foregoing paragraphs have been provided by
way of general introduction, and are not intended to limit the
scope of the following claims. The described embodiments
together, with further advantages, will be best understood by
reference to the following detailed description taken in con-
Junction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-
sary fee.

[0020] Various embodiments of this disclosure that are pro-
vided as examples will be described in detail with reference to
the following figures, wherein like numerals reference like
elements, and wherein:

[0021] FIG. 1 illustrates according to an embodiment, a
flow diagram depicting the steps performed for management,
assessment and treatment planning for inflammatory bowel
disease (MAP-IBD);

[0022] FIG. 2 is a schematic representation of a flow dia-
gram depicting the steps executed in MRE sequence process-
ing, such as FIESTA sequence processing;

[0023] FIG.3depictsanexemplary example illustrating the
operation of a breathing compensation;

[0024] FIG. 4 depicts an exemplary example illustrating
peristalsis motion analysis;

[0025] FIG. 5 depicts an exemplary fused image that com-
bines anatomical and functional information; and

[0026] FIG. 6 illustrates a block diagram of a computing
device according to one embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0027] Inflammatory bowel diseases such as Crohn’s dis-
ease typically manifests in the lower part of the small bowel
and the colon, with the former involved in 80% of the diag-
nosed cases. While traditional colonoscopy techniques allow
access and diagnosis to the colon, the small bowel is espe-
cially difficult to diagnose due to poor access and complex
anatomy. According to one embodiment, the development
and clinical implementation of optimized magnetic reso-
nanceimaging protocols that include MRE is employed in the
evaluation of small bowel diseases. Due to its non-invasive
nature and the absence of ionizing radiation, MRE is useful in
pediatric applications and also for patients who require serial
imaging.

[0028] FIG. 1 illustrates according to an embodiment, a
flow diagram depicting the steps performed for management,
assessment and treatment planning for inflammatory bowel
disease (MAP-IBD).

[0029] According to one embodiment, two fast sequences
ofimages are acquired in the study of the inflammatory bowel
diseases by MRE. The sequences provide sharp images of the
anatomy ofthe intestines. A first MRE sequence, for instance,
a Fast-Imaging-Employing-Steady-State-Acquisition (FI-
ESTA) sequence, is a free-breathing sequence in which a
single volume of the abdomen is continuously imaged over a
predetermined time-period (of the order of several seconds).
The first MRE sequence provisions for the monitoring and
quantification of the peristalsis activity (defined herein as
radially symmetrical contraction and relaxation of a muscle)
of the small bowel.

[0030] Although, the use of the first MRE sequence (such
as the FIESTA sequence) improves lesion and inflammation
detection, the presence of black boundary artifacts along the
bowel wall may mask small lesions or abnormalities. There-
fore, according to one embodiment, a second MRE sequence,
such as a Single-Shot Fast Spin Echo (SSFSE) sequence is
also used in the diagnosis of bowel diseases. The second MRE
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sequence is an ultrafast sequence that enables the acquisition
of the entire MR data in a single radio frequency excitation.
Specifically, the second MRE sequence such as the static
SSFSE image sequence provisions for the identification of
areas with increased mural thickness frequently associated
with bowel sections affected by Crohn’s disease.

[0031] Turning to FIG. 1, in MRE study 101, dynamic
magnetic resonance images (MRE sequence 1 and MRE
sequence 2) such as Fast Imaging Employing Steady-State
Acquisition (FIESTA) and Single-Shot Fast Spin Echo (SS-
FSE) sequences or their equivalents are generated. The gen-
erated MRE sequence 1 (e.g., the FIESTA sequence) is pro-
cessed in MRE sequence 1 processing 102, to generate the
quantitative peristaltic activity map of the small bowel. The
processing of the MRE sequence 1 in 102 includes a breathing
compensation stage which allows for both, free-breathing and
breath-hold sequences to be used as inputs. Details regarding
the processing of MRE sequence 1 are described later with
reference to FIG. 2.

[0032] The generated MRE sequence 2 (such as a SSFSE
sequence) is further processed in MRE sequence 2 processing
105. According to one embodiment, the processing of the
MRE sequence 2 in 105 includes quantifying the magnitude
of inflammation, determining the amount of distension of the
bowel, determining stenosis of the bowel, wall thickness and
like. Upon processing the respective MRE sequences in 102
and 105, the MRE sequences are input to a multi-modal
image fusion 103.

[0033] In multi-modal image fusion 103, the quantitative
peristaltic activity map information (obtained for instance,
from the FIESTA sequence processing) is fused with the
structural and quantitative information obtained for instance,
from the SSFSE sequence in order to generate fused struc-
tural-functional image.

[0034] The structural-functional image 104 provisions for
the ability to simultaneously study and quantify the structural
information along with the peristaltic activity of a patient in a
single image. In addition, the fused image provides imaging
biomarkers (defined herein as a measurable indicator of a
biological or anatomical state or condition) for inflammatory
bowel diseases. An example of a fused image along with
biomarkers is described later with reference to FIG. 5.
[0035] FIG. 2 depicts according to one embodiment, a
schematic representation of a flow diagram depicting the
steps executed in a FIESTA sequence processing. The
FIESTA sequence processing compensates for movements of
the small bowel caused by respiratory breathing cycles. In
what follows, the generation of the peristaltic activity maps is
described with reference to stages 201-204 of FIG. 2.
[0036] Inthe step of identification of breathing cycles 201,
the image processing device identifies the phase of the respi-
ratory cycle corresponding to each frame of the FIESTA
sequence. According to an embodiment, the effects of the
respiratory cycle in the sequence of images can be observed
graphically by concatenating the horizontal intensity projec-
tion of each frame, as depicted in portion 301 of FIG. 3. In
FIG. 3, 301 depicts the horizontal intensity projection over
time of the original set of frames provided by a free-breathing
FIESTA sequence. The arrow marks the middle of the respi-
ratory cycle. In doing so, the image processing device is
configured to identify frames that lie in the middle of a breath-
ing cycle. Note that these frames minimize the average frame-
to-frame distance, and thus minimize the required deforma-
tions to compensate for the breathing effect. Furthermore, as
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described later, these images are then used as references in the
subsequent breathing compensation stage.

[0037] Inthe step of breathing compensation 202, once the
frame in the middle of the breathing cycle has been identified
as the reference frame, non-rigid registration is performed to
compensate the breathing effect. According to one embodi-
ment, non-rigid registration techniques, such as B-splines,
can be employed that allow the image processing device to
compensate the respiratory displacements that affect the
entire abdomen without introducing spurious local deforma-
tions that could alter the actual peristalsis information. Thus,
non-rigid registration is performed for each FIESTA image
frame in each FIESTA sequence.

[0038] Alternatively, according to another embodiment, a
two-pass registration process can be performed that includes:
a first order registration, such as B-spline based, followed by
a higher degree B-spline registration (e.g., second order
B-spline). Performing multiple levels of registration provides
abetter compensation of respiratory movements, at a minimal
increase in computation time. The horizontal intensity pro-
jection over time, of the registered frame sequences (i.e.,
frames wherein the breathing compensation is achieved) is
depictedinFIG. 3, portion 302. Further, in FIG. 3, portion 303
depicts the difference between two frames of the original
unregistered sequence wherein gray regions show where the
two frames have the same intensities, while colored areas
show where the intensities are different. It can be observed
that the motility of the small bowel is affected by the general
respiratory motion in the abdomen if no breathing compen-
sation is applied. Additionally, in FIG. 3, portion 304 depicts
the difference between the frames once the respiratory motion
has been compensated, thereby displaying only the bowel
motility in the compensated image.

[0039] Turning to FIG. 2, in step 203 a peristaltic activity
map is generated. Specifically, according to one embodiment,
once the breathing motion has been compensated, the remain-
ing pattern of apparent motion (i.e., the peristalsis of the
bowel) is generated from the sequence of ordered images via
motion analysis, such as optical flow analysis. Alternatively,
according to one embodiment, the differential-based optical
flow approach as described by Horn et al. in “Determining
Optical Flow”, Artificial Intelligence, 17, 185-203, 1981, and
incorporated herein by reference in its entirety, can be used to
model the deformation of the small bowel as flow patterns
(i.e,, a vector field whose components represent the local
image flow at each pixel). For instance, as shown in FIG. 4,
portion 401 depicts three consecutive registered image
frames from the FIESTA sequence illustrating the peristalsis
of a particular section of the small bowel. The average optical
flow magnitude is shown in 402, thus providing a compact
graphical representation of the activity in each bowel area.
Note that in 402, the red color represents areas with high
motility, while the regions with reduced activity are shown in
dark blue. Finally, the process in step 203, accesses the meta-
information contained in the input imaging files (i.e., pixel
resolution and acquisition time) in order to provide objective
units for the motility activity in millimeters per second, as
described later with reference to FIG. 5. Thus, the peristaltic
activity map is generated based on motion analysis of each of
the frames in the FIESTA sequence.

[0040] Although the MRE protocol can be configured to
acquire both the FIESTA sequence and the SSFSE image at
the same position of the sagittal axis, it is generally not the
case in clinical practice. Thus, the method of assessing and
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treating bowel diseases as described herein includes an activ-
ity map interpolation stage 204, in FIG. 2 that allows the
SSFESE image to be matched to an activity map derived from
a FIESTA sequence. This can be accomplished in one
embodiment by identifying the two FIESTA sequences which
are close in location to the location where each SSFSE frame
was captured. Once the corresponding FIESTA sequerces
have been identified, the method estimates the specific peri-
staltic activity for each SSFSE image as a weighted sum of
these two nearest activity maps derived from the two closest
FIESTA sequences. In one embodiment, the system checks
the meta-information contained in the input file(s) corre-
sponding to the FIESTA sequences looking for the spatial
location of each image. If this information is available, the
mapping between both closest FIESTA sequences and the
generation of the final interpolated activity map is done based
on the spatial proximity of the image frames in each of the two
FIESTA sequences. If the spatial information is not available
or the two FIESTA sequences were not acquired in the same
spatial coordinates, the method of FIG. 2 may incorporate an
alternative approach in a second embodiment that is based on
a multi-modal similarity measure. For instance, according to
one embodiment, multimodal similarity is the regularized
normalized gradient field proposed by Herber et al. in
“Beyond Mutual Information: A Simple and Robust Alterna-
tive”, Bildverarbeitung fur die Medizin 2005, Informatik
Aktuell. Springer Berlin, Heidelberg, 350-354, 2005, and
incorporated herein by reference in its entirety. The technique
of Herber can also be used to define both the similarity
between images from the SSFSE and the FIESTA sequence,
as well as being used to define the relative weights to combine
the two closest FIESTA sequences as is noted above. Finally,
the image processing device may be configured to perform a
multimodal registration of each SSFSE image to the final
interpolated activity map corresponding to the reference
frame in the closest FIESTA sequence, i.e., the one in the
middle of the breathing cycle detecting as described previ-
ously with respect to FIG. 2, portion 201. The registration
allows compensating for possible misalignments between
images and fuses both sources of information (the SSFSE
image and the FIESTA sequence) into a single new image as
depicted in FIG. 5 for a specific location. Specifically, in FIG.
5, 501 depicts the fused image of a healthy patient without
bowel inflammation and healthy motility, whereas 502
depicts the fused image of a patient with significant bowel
wall thickening (marked with arrows as visible in SSFSE) and
reduced motility (as quantified in FIESTA).

[0041] Therefore to summarize the method of treating and
accessing bowel disease as described above, includes at least
one of the following characteristics: (a) breathing compensa-
tion to remove breathing motion from the quantification of
bowel motility, wherein the inclusion of the breathing com-
pensation stage provisions for a broad spectrum of patients,
including those for which a breath-hold study is not feasible,
like infants and patients with severe illness, (b) creation of a
personalized intestinal activity map that reflects intestinal
motility in absolute units of millimeters per second, (c) inter-
polation stage to create a continuous motility field throughout
the entire imaging volume, (d) fusion of functional and struc-
tural information via multimodal image registration, and (e)
personalized motility scale, allowing to study the intestinal
motility in absolute or relative (patient-centered) units for
identified healthy and diseased (e.g. with inflammation) areas
of the bowels.
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[0042] Additionally, the technique of assessing bowel dis-
eases has the potential to impact the clinical management of
inflammatory bowel diseases at least in the following stages:
a) performing quantitative analysis of the bowels from medi-
cal imaging, such as magnetic resonance imaging, b) provid-
ing virtual access and virtual pathological evaluations to ana-
tomical areas in the abdomen that are difficult, if not
impossible to access, e.g. proximal small bowel, ¢) reducing
the subjectivity and variability in the interpretation of diag-
nostic images for the diagnosis and treatment planning and
evaluation of inflammatory bowel diseases, and d) creation of
new quantitative imaging biomarkers that facilitate the accu-
rate and objective longitudinal follow up of patients, their
enhanced management, and assessment of the response to
treatment.

[0043] Each of the functions of the above described
embodiments may be implemented by a control circuitry,
which includes one or more processing circuits. A processing
circuit includes a programmed processor, for example, pro-
cessor (CPU) 600, as shown in FIG. 6. A processing circuit
also includes devices such as an application specific inte-
grated circuit (ASIC) and conventional circuit components
arranged to perform the recited functions.

[0044] In FIG. 6, the computer 699 includes a CPU 600
which performs the processes described above. The process
data and instructions may be stored in memory 602. These
processes and instructions may also be stored on a storage
medium disk 604 such as a hard drive (HDD) or portable
storage medium or may be stored remotely. Further, the
claimed advancements are not limited by the form of the
computer-readable media on which the instructions of the
inventive process are stored. For example, the instructions
may be stored on CDs, DVDs, in FLASH memory, RAM,
ROM, PROM, EPROM, EEPROM, hard disk or any other
information processing device with which the system com-
municates, such as a server or computer.

[0045] Further, the claimed advancements may be provided
as autility application, background daemon, or component of
an operating system, or combination thereof, executing in
conjunction with CPU 600 and an operating system such as
Microsoft Windows 7, UNIX, Solaris, LINUX, Apple MAC-
OS and other systems known to those skilled in the art.
[0046] CPU 600 may be a Xenon or Core processor from
Intel of America or an Opteron processor from AMD of
America, or may be other processor types that would be
recognized by one of ordinary skill in the art. Alternatively,
the CPU 600 may be implemented on an FPGA, ASIC, PLD
or using discrete logic circuits, as one of ordinary skill in the
art would recognize. Further, CPU 600 may be implemented
as multiple processors cooperatively working in parallel to
perform the instructions of the inventive processes described
above.

[0047] The computer 699 in F1G. 6 also includes a network
controller 606, such as an Intel Ethernet PRO network inter-
face card from Intel Corporation of America, for interfacing
with network 650. As can be appreciated, the network 650 can
be a public network, such as the Internet, or a private network
such as an LAN or WAN network, or any combination thereof
and can also include PSTN or ISDN sub-networks. The net-
work 650 can also be wired, such as an Ethernet network, or
can be wireless such as a cellular network including EDGE,
3G and 4G wireless cellular systems. The wireless network
can also be WiFi, Bluetooth, or any other wireless form of
communication that is known.
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[0048] The computer 699 further includes a display con-
troller 608, such as a NVIDIA GeForce GTX or Quadro
graphics adaptor from NVIDIA Corporation of America for
interfacing with display 610, such as a Hewlett Packard
HPL2445w LCD monitor. A general purpose I/O interface
612 interfaces with akeyboard and/or mouse 614 as well as a
touch screen panel 616 on or separate from display 610.
General purpose 1/0 interface also connects to a variety of
peripherals 618 including printers and scanners, such as an
OfficeJet or DeskJet from Hewlett Packard. The peripheral
elements previously described in the above exemplary
embodiments may be embodied by the peripherals 618 in the
exemplary embodiments.

[0049] A sound controller 620 may also be provided in the
computer 699, such as Sound Blaster X-Fi Titanium from
Creative, to interface with speakers/microphone 622 thereby
providing sounds and/or music. The speakers/microphone
622 can also be used to accept dictated words as commands
for controlling the robot-guided medical procedure system or
for providing location and/or property information with
respect to the target property.

[0050] Thegeneral purpose storage controller 624 connects
the storage medium disk 604 with communication bus 626,
which may be an ISA, EISA, VESA, PCI, or similar, for
interconnecting all of the components of the robot-guided
medical procedure system. A description of the general fea-
tures and functionality of the display 610, keyboard and/or
mouse 614, as well as the display controller 608, storage
controller 624, network controller 606, sound controller 620,
and general purpose 1/O interface 612 is omitted herein for
brevity as these features are known.

[0051] Obviously, numerous modifications and variations
of the present disclosure are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the invention may be practiced
otherwise than as specifically described herein. For example,
advantageous results may be achieved if the steps of the
disclosed techniques were performed in a different sequence,
if components in the disclosed systems were combined in a
different manner, or if the components were replaced or
supplemented by other components. For example, certain of
the above described techniques and processes could be
applied to other parts of the body in addition to the gas-
trointestinal tract, for example, to identify the inflammation
and motion, fuse multi-modal and multi-sequence images,
quantify structure and function or to identify and address
other medical issues.

[0052] The functions, processes and algorithms described
herein may be performed in hardware or software executed by
hardware, including computer processors and/or program-
mable processing circuits configured to execute program
code and/or computer instructions to execute the functions,
processes and algorithms described herein. A processing cir-
cuit includes a programmed processor, as a processor
includes circuitry. A processing circuit also includes devices
such as an application specific integrated circuit (ASIC) and
conventional circuit components arranged to perform the
recited functions.

[0053] The functions and features described herein may
also be executed by various distributed components of a sys-
tem. For example, one or more processors may execute these
system functions, wherein the processors are distributed
across multiple components communicating in a network.
The distributed components may include one or more client
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and/or server machines, in addition to various human inter-
face and/or communication devices (e.g., display monitors,
smart phones, tablets, personal digital assistants (PDAs)).
The network may be a private network, such as a LAN or
WAN, or may be a public network, such as the Internet. Input
to the system may be received via direct user input and/or
received remotely either in real-time or as a batch process.
Additionally, some implementations may be performed on
modules or hardware not identical to those described.
Accordingly, other implementations are within the scope that
may be claimed.

[0054] It should be noted that, as used in the specification
and the appended claims, the singular forms “a,” “an,” and
“the” include plural referents unless the context clearly dic-
tates otherwise.

[0055] It should also be noted the FIESTA sequences are
oneexemplary way of obtaining peristalsis information of the
bowel. In addition, SSFSE images are one way of obtaining
structural information of the bowel. Further, the present tech-
nique could be used for other portions of the body.

What is claimed is:

1. An image processing device for assessing inflammatory
bowel disease based on magnetic resonance imaging (MRI),
the device comprising:
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processing circuitry configured to

receive, a plurality of dynamic MRI sequence of images
of a bowel of a patient, each MRI sequence of images
including peristalsis information of the bowel,

receive at least one static MRI image of the bowel of the
patient, wherein the static MRI image identifies at
least one of areas of inflammation, stenosis, and
increased mural thickness of the bowel,

compensate for a displacement of the bowel caused by
respiration of the patient, by performing a non-rigid
registration for each dynamic MRI sequence of
images,

compute, for each dynamic MRI sequence of images, a
peristaltic activity map by performing motion analy-
sis on the MRI sequence of images,

determine a peristaltic activity for the at least one static
MRI image based on a weighted sum of two closest
dynamic MRI sequences of images, the two closest
dynamic MRI sequences being determined based ona
similarity measure of the static MRI image and the
plurality of dynamic MRI sequences of images, and

combine the static MRI image and the closest dynamic
MRI sequence of images by performing multi-modal
registration of the static MRI image and a reference
image of the closest dynamic MRI sequences of
images.
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