
Detection and localization of -vascular occlusion from analogranhv data
Field of the invention 5The present invention relates to methods and
computer systems for detecting whether a patient suffers from an
occluded blood vessel, and in the case that occlusion is detected, to
locali7ation of the occlusion. Background of the invention 10
Determination whether a blood vessel is occluded (i.e. blocked) or patent
(i.e. open), and, in the case of an occlusion being identified, localization of
this occlusion, are important-in the diagnosis and treatment of vascular
diseases. This is also critical in acute stroke management. Imaging is a
means to obtain this information Volumetric 15 angiographic data (that is,
a set of data in which elements of the data correspond to respective points
within a three-dimensional region) can be acquired with various imaging
techniques, such as magnetic resonance angiography (MRA), computed
tomography angiography (CTA) or X-ray rotation angiography. Present
techniques for detecting occlusions involve a requirement to segment
volumetric angiographic 20 images (i.e. partition the images into regions
which are the estimates of the positions of cerebral structures within the
image). For this .purpose, the Marching Cubes algorithm is typically used.
The whole procedure of iso-surface segmentation and surface display is
time consuming, particularly, in acute stroke management. Alternatively,
the scan can be examined by using Maximum Intensity Projection 25
(MIP) display. MIP, as a 2D projection of a 31) volume does not contain
full information. Summary of the invention 30 The present invention aims
to provide a new and useful method to detect and localize an occlusion,
and computer systems for implementing the method.  brain. Alternatively,
particularly if the inter-hemispheric fissure is curved, instead of using the
MSP, it may be better to obtain a different mid-sagittal line for each slice,
and detect occlusions by determining the asymmetry around these lines.
In other words, in both these techniques at least one mid-sagittal position
is found, and the 5occlusion detected by determining the asymmetry
about these position(s). 



A first specific expression of the invention is a method for detecting a
vascular occlusion from a set of angiographic data relating to the brain of
a patient, the method including: 10(i) locating the mid-sagittal plane within
the set of angiographic data;        (ii) mapping the an giographic data to a
pre-existing atlas of blood supply territories, thereby obtaining the portion
of the angiographic data corresponding to each of one or more blood
supply territories;          (iii) for each of the blood supply territories,
evaluating the asymmetry of the 15corresponding portion of the
angiographic data about the identified mid-sagittal plane; and        (iv)
according to the evaluated asymmetry of the portion of the angiographic
data corresponding to each blood supply territory, detecting the presence
of an occlusion in any of the blood supply territories, 20 An alternative
expression of this same concept, in the case that midsagittal lines are
used instead of a single MSP, is a method for detecting a vascular
occlusion from a set of angiographic data relating to the brain of a patient,
the method including:       (i) for each of a plurality of slices of the
angiographic data, locating respective mid-sagittal lines;        (ii) mapping
the angiographic data to a pre-existing atlas of blood supply territories,
thereby obtaining the portion of the angiographic data corresponding to
each of one or more blood supply territories;          (iii) for each of the
blood supply territories, evaluating the asymmetry of the  30corresponding
portion of the angiographic data within each slice about the corresponding
identified mid-sagittal lines; and        (iv) according to the evaluated
asymmetry of the portion of the angiographic data corresponding to each
blood supply territory, detecting the presence of an occlusion in any of the
blood supply territories,  WO 2008/030192PCVSG2007/000292 In either
case, step (ii) may also include obtaining the portion of the angiographic
data 



corresponding to one or more blood supply sub-territories. In this case, in
step (iii),     the asymmetry may be evaluated for each of the
sub-territories, and in step (iv) the 5presence of an occlusion may be
identified in any of the sub-territories. Preferred embodiments of the
invention make it possible to detect and localise an occlusion without
segmentation of the vascular data. This processing is much faster than
the extraction of iso-surface and displaying it by means of the Marching
Cubes, 10which is critical in stroke management. In addition, this
detection can be done - automatically without the operator intervention,
which allows for its application in computer-aided diagnosis and decision
support systems. Note that the present approach is based on ROI, with
the regions of interest based on the blood territories (and sub-territories).
Step (1) precedes step (ii). The invention further proposes that once an
occlusion is detected in a portion of the anglographic data corresponding
to a blood territory, that portion of the angiographic  data is displayed by a
three-dimensional imaging technique. This may be performed by
projecting the portion of the angiographic data onto planes, for example
onto coronal, axial or sagittal planes. Embodiments of the method may
use a pre-existing atlas of blood supply territories, as well as existing
algorithms, for calculation of the midsagittal plane (MSP), for asymmetry
quantification, and mapping the atlas of blood supply territories to the
angiortraphic data. The automatic detection and localisation process may
be implemented, for example, in an automated CAD system for use in
stroke diagnosis, predication and treatment. 30Note that all steps of the
method may be performed computationally, with substantially no operator
involvement. The invention is expressed above as a method, but may
alternatively be expressed as a computer system which performs the
method, or as software which can be run by a computer system to perform
the method.  WO 2008/030192PCISG2007/000292 



4 Brief description of the drawings   An embodiment of the invention will
now be described for the sake of example only with reference to the
following figures, in which: 5Fig. 1 is a flow diagram of the main steps of
the embodiment;      Fig. 2 is a diagram of the sub-steps of a
pre-processing step of the embodiment of Fig. 1;      Fig. 3 is a diagram of
the sub-steps of an analysis step of the embodiment of Fig. 1; and 10Fig.
4 is a. diagram of the sub-steps of an imaging step of the embodiment of
Fig. 1. Detailed description of the embodiment  15An embodiment of the
invention will now be described with reference to Fig. 1. The embodiment
takes as its input, at step 1, a set of three-dimensional volumetric
angiogrphic data, which has been acquired with any suitable imaging
technique, such as magnetic resonance angiography (MRA), computed
tomography angiography (CIA) or X-ray rotation angiography 20 In step
10, the method pre-processes the volumetric angiographic data prior to
their analysis and visualization. The sub-steps of the pre-processing step
10 are shown in Fig. 2. 25 The volumetric angiogaphic data typically
depicts not only the vessels but also other structures including scalp, skull
muscles, fat, and some other bones. To facilitate analysis, some
unnecessary structures are eliminated by setting a suitable volume of
interest (VOI) (sub-step 11), and removing the voxels outside this volume
("cropping" - sub-step 12). The YOI can be set in several ways, depending
on the specific 30application. In particular, the Vol setting and data
cropping can be done as follows, 



1. Generate axial, coronal, and sagittal sections from the volumetric
angiographie data by orthogonal reformatting. 2. Select the ranee of the
axial sections and set an ellipse to encompass the brain. 3. Propagate this
ellipse across all axial slices within the selected range.  WO
211081030192PCT/SG2007/000292 5 4. Crop the volume by removing
the voxels located outside the ellipses, 5. For the resulting VOI, repeat the
steps 2-4 for the coronal and sagittal orientations (thus, the pair of
sub-steps 11 and 12 of Fig. 2 are performed three times in total), resulting
in the final VOL 5 Analysis (step 20)  For the Vol which is the output of
step 10, the mid-sagittal plane (MSP) is calculated first (sub-step 21). It
can be computed by using any existing algorithms,. in particular one of our
previous algorithms [1], [21. Alternatively, the technique can be further
10improved slice-wise by calculating a midsagitial line for every slice. The
IvISP may be the starting location for this calculation.      Vessel occlusion
causes the lack of blood flow which results in lateral asymmetry with
respect to the MSB. To localize the occlusion, this asymmetry 'study
should be constrained to a given blood supply territory (BST), or
sub-territory. The 15 ESTs (or sub-territories) are determined in the
anglography volume by means of our BST atlas [5]. In sub-step 22, the
BST atlas is superimposed on the angiography data by using any method;
in particular our FTT [6] can be used. Tnen, asymmetry is identified
(sub-step 23). In sub-Step 23 one of several methods can be exploited to
measure this asymmetry, in particular one of our previous methods [31,
[4:1, [M. If a 20 different MS line is found for each slice, the same
asymmetry test (or tests) is performed for each slice, but the brain is
divided differently into the hemispheres. To determine whether there is an
occlusion in a given territory, it is possible to study the whole volume to
detect an occlusion; and then do the same for each slice (this can
enhance the occlusion detection and localize the occlusion more
accurately. 



25 The detailed steps are as follows:    1. Calculate the IM.SP (sub-step
21). 2. Superimpose the BST atlas (sub-step 22).    3. Quantify the
left-right hemisphere asymmetry within the anterior cerebral 3C)artery
(ACA), including its penetrating and terminal branches: 11 necessary, the
ACA territory can be further subdivided into sub-territories. 4. Quantify the
left-right hemisphere asymmetry within the:middle, cerebral artery (MCA),
including its penetrating and terminal branches. Ti necessary, the MCA
territory Can be further subdivided into sub-territories.  WO
2008/030192PCT/SG2007/000292 6 5. Quantify the left-right hemisphere
asymmetry within the posterior cerebral artery (PCA), including its
penetrating and terminal branches. If necessary, the PCA territory can be
further subdivided into sub-territories. 5Steps 4 to 6 of this list are shown
collectively as sub-step 23 in Fig. 3.  Visualization (step 301  An optional
visualization step may then be performed, e.g. when desired, by a human
operator. Visualization proposed here allows exploration of the
angiography data in 10 three dimensions without segmenting therm It
uses the maximum intensity projection MIP) technique to generate HIP
views (sub-step 31), followed by a Quick Time Virtual Reality (QTVR)
approach [7] to view the MP views (sub-step 32). The MSP views can be
generated in any direction with an arbitrary step. In particular, the detailed
steps may be the following: 



151. Generate the MI? views with a small angular step around the axi
perpendicular to the axial direction. 2. Generate the MIP views with a
small angular step along the axis perpendicular to the coronal direction.
3. Generate the MIP views with a small angular step along the axis
perpendicular 20to the sagittal direction. 4. Use the QT VR to browse the
MEP view S in thtee-dimensions. Steps Ito 3 correspond collectively to
sub-step 31 in Fig. 5, and step 4 corresponds to sub-step 32. Although
only a single embodiment of the invention has been described in detail,
many variations may be made within the scope of the invention as defined
in the claims as will be clear to a skilled reader. For example, the order of
the steps need not be exactly as given above. References  1. Hu Q,
Nowinski WL: Method and apparatus for determining symmetry in 21) and
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1987.  L P 8 Claims       A method for detecting a vascular occlusion from
a set of angiographic data relating to the brain of a patient, the niethod
including: (i) locating the mid-sagittal plane within the set of angiographic
data; 5mapping the angiographie data to a pre-existing atlas of blood s
PPIY territories, thereby obtaining the portion of the angiographic data
corresponding to each of one or more blood supply territories; 



(iii) for each of the blood supply territories, evaluating the asymmetry of
the corresponding portion of the angiographic data about die
identifiedd-sagittal plane; 10and        (iv) according to the evaluated
asymmetry of the portion of the angiographic data corresponding to each
blood supply territory, detecting the presence of an occlusion in any of the
blood supply territories. 152.A method according to claim 1 in which step
(ii) 'includes obtaining the portion of the angiographic data corresponding
to one or more blood supply sub- territories; in step (iii), the asymmetry is
evaluated for each of the sub-territories; and in step (iv) the presence olan
occlusion is identified in any oldie sub territories. 203.A method according
to claim I including a pre-processing step of cropping the angiographic
data to remove a part of the angiographic data which relates to locations
outside the brain of the patient.  M Cs I. L P 9 4.A method according to
claim I which, upon the detection of an occhision within any of the blood
supply territories, the portion of the angiographic data corresponding to
that blood supply territory is displayed by a three-dimensional imaging
technique. 5.A method according to claim 4 in which the
three-dimensional imaging technique includes obtaining and displaying
projections of the corresponding portion of angiographic data onto one or
more planes. 6.A method for detecting a vascular occlusion from a set of
angiographic data 10relating to the brain of a patient, the method
including: 



(i) for each of a plurality of slices of the angiographic data, locating
respective mid-sagittal lines;          (ii) mapping the angiographic data to a
pre-existing atlas of blood supply territories, thereby obtaining the portion
of the angiographic data corresponding to each 15of one or more blood
supply territories;        (iii) for each of the blood supply territories,
evaluating the asymmetry of the corresponding portion of the
angiographie data within each slice about the corresponding identified
mid-sagittalan.d          (iv) according to the evaluated asymmetry of the
portion of the angiographic 20data corresponding to each blood supply
territory, detecting the presence of an occlusion in any of the blood supply
territories. 7.A method according to claim 6 in which step (ii) includes
obtaining the portion of the angiographic data corresponding to one or
more blood supply sub-territories;  liACSUP 10 step (iii), the asymmetry is
evaluated for each of the sub-territories; and in step) the presence elan
occlusion is identified in any of the sub territories.    8. A method according
to claim 6 'including a pre-processing step of cropping the 5angiographic
data to remove a part of the angiographic data which relates to locations
outside the brain of the patient.    9. A method according to claim 6 which,
upon the detection of an occlusion within any of the blood supply
territories, the portion of the angiographic data corresponding to 10that
blood supply territory is displayed by a three-dimensional imaging
technique. 



10. A method according to claim 9 in which the three-dimensional imaging
technique includes obtaining and displaying projections of the
corresponding portion of' angiographic data onto one or more planes. 15
11. A computer system for detecting a vascular occlusion from a set of
angiographie data relating to the brain of a. patient, the computer system
including a processor arranged to: (i) locate the mid-sagittal plane within
the set of angiographic data; 20 (ii) map the angiographic data to a
pre-existing atlas of blood supply territories, thereby obtaining the portion
of the angiogra.phic data corresponding to each of one or more blood
supply territories;  MC SI_ 11        (iii) for each of the blood supply
territories, evaluate the asymmetry of the corresponding portion of the
angiographic data about the identified mid-sagittal plane; and           (iv)
according to the evaluated asymmetry of the portion of the angiographic
5data corresponding to each blood supply territory, output a signal
indicative of the presence of an occlusion in any of the blood supply
territories.  12. A computer system according to claim 11 flirther having a
display imit for displaying images representative of the portion of the
angiographic data corresponding 10to each Hood supply territory for
which the presence of an occlusion is indicated by said output signal.
13. A computer system for detecting a vascular occlusion from a set of
angiographic data relating to the brain of a patient, the computer system
including a processor 15arranged to: 



(i) locate, for each of a plurality of slices of the angiographie data,
respective mid-signal lines:             (ii) map the angiographic data to a
pre-existing atlas of blood supply territories, thereby obtaining the portion
of the angiographic data corresponding to each of one or 20more blood
supply territories;         (iii) fbr each of the blood supply territories, evaluate
the asymmetry of the corresponding portion of the angiographic data
within each slice about the corresponding identified mid-sagittal lines; and
MCSUP      (iv) according to the evaluated asymmetry of the portion of the
angiographic data corresponding to each blood supply territory, output a
signal indicative of the presence of an occlusion in any of the blood supply
territories. 514.A computer system according to claim 13 further having a
display unit for displaying images representive of the portion of the
angiographic data corresponding to each blood supply territory for which
the presence of an occlusion is indicated by said output signal. 1015.A
computer program product comprising software which upon being run by a
computer system, causes the computer system to detect a vascular
occlusion from a set of angiographie data relating to the brain of a patient,
by performing a method according to claim I. 1516.A computer program
product comprising software which, upon being run by a computer system,
causes the computer system to detect a vascular occlusion from a set of
angiographic data relating to die brain of a patient, by performing a
method according to claim 6. 


