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Abstract

Computer-aided detection (CAD) systems, which aatically detect and indicate location of potential
abnormalities in scan digital images, have the aafyato increase the accuracy of the radiologists’
interpretations and finding. This paper presents#icient new CAD .for automatic and accurate detas and
guantification of Abdominal Aortic Aneurysm (AAAhe system first detects and extracts the lumenttzenl
identifies the location of the abdominal aorticrfirdhe total lumen. The extracted abdominal aomimén is
then used as an initial surface to segment the @il aorta which might contain aneurysm. The gedos
and morphological features of both lumen and aata examined for the presence of aneurysm based on
predefined criteria set by incorporating prior undeanding of the normal expected variation of aoffée
experimental result of the proposed system on 68 @fasets indicated a 98% success in detectioDjGaAd
a 95% in segmentation results (CAM).

1. Introduction

An Abdominal Aortic Aneurysm (AAA) is a localisedlation (swelling or enlargement) of an aorta. An
AAA usually consists of two sections — the lumeme(tnner part) and the thrombus (the outer pattjod
flows in the lumen and its visibility can be enhadavhen CT Angiography (CTA) is used. The progressi
growth of an aneurysm may eventually cause a raptumot diagnosed or treated. This can be life
threatening as the rupture would cause massivenaitéleeding. The probability of a rupture occogri
depends on its size. Currently, in routine clinigabctice, the size of AAA is estimated by manual
measurement of aortic diameters. Therapeutic decisiaking as well as the surveillance program are
decided based on the diameter masurement. For éxapgiients exhibiting an AAA of 5 cm or more in
diameter should be treated to replace the weakeseetion by open surgery or using a stent-graft
(endovascular procedure). For a 4 cm AAA, if thewgsm increases by 5 mm or more in six months,
treatment should be considered. However, manuasuement of diameters may be subject to large intra
and interobserver variability. Significant interacand/or intermodality variability is also expectgdce the
morphology of the aneurysms could be changed dépgruh the breath hold level of the patient during
image acquisition. As a follow-up after the oparatia frequent life-long monitor will be used tcsare that

no further expansion has occurred to prevent tlaah of further ruptures. The volume of thrombusraf
endovascular repair of AAA has been reported tthbenost effective indicator of the AAA exclusion.

Typically, the radiologist visualize the enlargeartons of the aorta on a number of cross-secti@igh
images to identify AAA. For thrombus volume measoeat, the radiologist manually identifies the
thrombus on each image in order to obtain a fulun® measure. This extremely tedious and time-
consuming process may take up to 30 minutes anidciznvenient for physicians. Furthermore, this
approach becomes impractical as the datasets prddiycthe latest CT scan machines increase. Iniaadi
such manual methods are subjective, prone to eamat non-reproducible. As the reliability of the
measurement (CAM — Computer Aided Measurement) miipoen how accurately the regions of interest can
be segmented, the proposed system concentrateheordevelopment of an automatic and accurate
segmentation of AAA as a first and essential sfageccurate measurement. In comparison to the atanu
identification, segmentation and measurement of AAlde proposed system can offer more accurate,
reproducible, rapid and cost-effective results.
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There are a few research publications on compe@ridAA segmentation from which computerized
measurements can be achieved. References [1-3dprstudies of various approaches to segmenting bot
the aneurysm and the aortic flow channel employnigvel set framework using either edge strength or
region intensity information. In [4-7] 2D and 3Dtiae shape models are introduced for AAA segmeniati
These methods are not fully automatic and require or several external seed points for initialadi
Further, they have not been robustly validated.

An interesting method in AAA segmentation is prasdnin [8]. This method estimates a rough initial
surface, and then refines it by using a level sgtrentation scheme augmented with a global regidnaa
local feature analyzer. One drawback is that tHerdeble model segmentation assumes that the asmaury
is roughly circular in a transaxial cross sectithus resulting in failure of the segmentation fonscircular
shaped aneurysm. The system was only tested ofTA0ABA datasets.

In this paper, an automatic segmentation of theomtnthl aortic aneurysm is presented. It provides an
accurate segmentation of the aorta (CAM) and detket presence of the aneurysm (CAD) in the abdaimin

portion which is automatically located. The propgbseethod does not require any user interventiore Th

robustness of the system has been validated ovem®0datasets.

2. Methodology

Figure 1 shows the overall design of the automeatid accurate segmentation of AAA. The CTA image is
first smoothed using the anti-geometric diffusiorthod in the pre-processing stage. Lumen is thémaard
from the pre-processed image using segmentationramrghological operation. The abdominal portionttof
lumen is identified using geometrical informatiomlamathematical morphology. The full segmentatibthe
aorta is performed before identifying the presesicthe aneurysm. This identification involves ealing both
segmented lumen and the full aorta segmentatiahdtild be noted that aorta is the same as lumen wiere
iS no aneurysm.

| Pre-Processin |
v

| Detect and Extract Lum |
v

| Identifv Abdominal Aortic Sectic |
A\

| Segment AA/ |
v

| Identify aneurysr |

Figure 1. Overall system
2.1 Lumen extraction

Accurate segmentation of lumen is not necessagedimen will be used as an initial region to detew
segment the aneurysm. The segmentation of the lusnparformed using a threshold-based segmentation
with low and high threshold df andT;,; these threshold limits were found experimenttiljpe 150 and 600
respectively. Due to the partial volume effect, ééracted lumen often has loose connection wijeatb of
similar intensity such as spine and kidneys (throremal arteries). To separate lumen from otheeaibj the
morphological erosion operation is applied whichymasult in several isolated 3D objects. Among ¢hes
isolated objects, the lumen can be identified asothject that is relatively long in Z direction amarrow (in
coronal view), plus it resides approximately in thieldle of the body.

Once the lumen is found, the abdominal sectioméntified. This is done by finding the positionstbé
Celiac Trunk and the lliac Junction.

The Celiac Trunk is the first artery branching dfobm the aorta below the diaphragm which is
approximately where the lung ends. With regardhts, tthe lung is identified first. Lung regions &gp as
hollowed objects in the CT images due to the emtsteof large volume of air. Using threshold based
segmentation together with the morphological holeaetion algorithms, lung regions can be extracted
Each extracted hollowed object (lung region) imthgamined to see if it contains several smallhidléese
small holes are the result of cross sectional axé&ls of many blood vessels in the lung regionsrder to
extract the small holes, each lung region, in eslicke, is first flood-filled then subtracted frommet original
segmented lung. The identification of lung objexas thus be carried out by counting the nhumbehef t
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isolated objects of a considerable size within Hudlowed regions; i.e. tiny isolated objects ardg no
considered because they might be due to noiseOL ek thekth extracted hollowed object in the current
slice, therOy is part of the lung regiorQ([L) if the following condition holds,

(XS (O, (] >T.) then O, 0L

(1)
Where N is the total number of isolated object&dimsheKth objectOy, O (p) is the pth isolated object
is an object count threshold, and

(1 if (sizex) > T,
e {0 otherwise (2)

WhereTyg;,cis the object size. Experimentally,.= 5 andT,,, =10.

This process of identifying the lung regions is tbaed slice-by-slice until no lung region is fournthis
will be the approximate location of the diaphragnthee end of the lung regions.

The end location of the lung regions only providesapproximate position where the search for tHa€e
Trunk can be carried out. After projecting all visxen the sagittal view of the lumen into one 2yidal
image, two morphological operations of erosion aildtion with different window sizes will result in
separating the branches from the main lumen. THed&runk can then be identified as the first éded
branched from the top of the 2D sagittal projectioage.

The lliac Arteries junction is the last locationtie found for the identification of abdominal portiof the
aortic lumen. This is where the aorta splits int@ tmajor arteries running down the legs. To identifis
location, the centre-line of the lumen is obtainden is passed through a smoothing filter ancbfedid by
conversion to the cluster connectivity. A clusteralgsis based on length and angle is used for every
branches stemming from the main centre-line ofltteen. As regard to this, the length of all brarghe
except for the lliac arteries, will be relativelgost and their angle with respect to the main eehire will

be relatively sharp.

2.2 AAA segmentation

In order to segment the aneurysm, first objecth wiivious intensity and morphological features tiaatnot
be part of the aneurysm are found. These non_AA&atb include fat, spine and blood vessels. Thdlyhei
used a mask to confine the segmentation process.

Fat regions are darker (less than -10 HU) than gheurysm and can easily be extracted by using
segmentation followed by morphological opening agien. In some large size aneurysm, small darkoregi
might exists that could be due to image acquisitiotefact or the natural composition of the thrombu
Therefore, fat regions with a relatively small sae ignored. The size limit for the fat regionritiécation was
found empirically to be 50t

Spine is another object that is located very closthe aorta and hence it is useful to use it asra AAA
mask region. Extracting the spinal bones can edmlyone due to their high intensity values. Howethe
spine is made of pieces of bones that are heldhegevith a muscle-like object called Disk. The IRishave
intensity values that are similar to that of theothbus. This leads to the formation of openingshim slices
where the Disk regions touch the borders of theugisn. These openings (or gaps) can easily bed fite
interpolating between the bone edges of the spih&h are located a few slices above and below.

There are several tiny blood vessels that stenobtite lumen. They appear as small circles in coutbee
axial images. They can easily be mistaken withctileified regions when viewed on the axial imadéslike
the calcified regions, the blood vessels are ndtgfahe aneurysm and thus should be includetiémbn-AAA
regions. One prominent feature that can be usedistinguish between the blood vessels and the fialci
regions is that the blood vessels have compactiaodlar cross section that span over a relatilarlge number
of slices. Although calcified regions might havengar contrast and their cross sections might beparct and
circular, they are generally small 3D objects witlongated surface that occupy a few slices. Thexefo
combination of circularity-compactness and 3D catinéy analysis is used to identify the blood vass

Following the generation of the non_AAA mask, alipebid fitting algorithm is used to segment thetao
which might contain aneurysm. The ellipsoid fittirggenerated based on evaluating the distanceaitye
region within which the lumen resides with respgedhe borders of the non-AAA mask.
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2.3 Identification of aneurysm

Several features from both lumen and aorta are veghto detect the presence of aneurysm (CAD). The
maximum diameter of the aorta provides a good attha of the possible expansion of the aorta duthéo
effect from the aneurysm. Another feature is tihegularity of the shape of the lumen cross sectidnch, for
normal patients, should have a circular shape. disglacement of the lumen is also used as onerfdbu
detection of the aneurysm. The abdominal aorticelursometimes takes a fairly sharp bent due to itbgspre
exerted from the aneurysm. By comparing the gedocadir transform lumen (straightened lumen), usis@3D
centreline, with the original lumen a degree optlisement can be obtained.

3. Experimental result

Sixty CT Angiography scans, fifty with aneurysm ateth normal patient datasets, were used to test our
automatic detection and segmentation. The patiwate aged between 55 and 85 with 4 female and 36. ma
The GE LightSpeed VCT machine was used to obta@nntages. Scan parameters were 120 kV, 300 to 400 m
and slice thickness 1.0 to 2.0 mm. Three Radiotsgisanually identified and segmented all AAA areas
independently using in-house software. For eadhethree manual segmentations, an “average” AAgtore
was obtained by taking the overlapping part ofttiree manual segmentations and the result were asedr
“gold standard” for development and evaluationhaf Automatic method.

To evaluate the CAD algorithm (detection of aneorysthe system was made to produce an output fiag f
each dataset to indicate whether it contains aseuryr not. With regards to this, 49 out of 50 CT#&tatets
from the patients with aneurysm had “yes” flagsle/tihe remaining 10 datasets from normal patierdgdyced
“no” flag; thus indicating a 98% success of the CAMorithm. The system failed on one dataset which
contained a large metal object in the hip areas Phdoduced a significant artefact in the abdonseation.

To Evaluate CAM, the segmentation results of thetesp were compared with the “gold standard” based o
the Mean OverlapMOV):

MOv:%EN:o\/(i)
WhereN is the number of CTA images ayis given as:
_5V(C)nV()
vV=2—"—"—+=
V(C)+V(T)
WhereV(C) andV(T) are the volume of the current and test objectaetbely.

The outcome of the experimental result on all CTletadets waMOv = 0.95 (1.0 meaning 100% overlap),
indicating that the outline segmentation of AAA wasy close to that defined manually by the radits.
This, in turn, signifies the high accuracy of theagtification (CAM) of the proposed system.

Figure 2 shows examples of the segmentation restilfsAA using the proposed system on two different
CTA datasets.

Figure 2. Two Examples of segmentation of AAA usiihg proposed system.

An example of a 3D volume rending of an enhanced Gilage following the AAA segmentation performed
by the proposed system is provided in Figure 3s Thearly illustrates the enlargement of the adrta to the
aneurysm. It should be noted that any 3D volumeéeeng of the original image (without segmentatiesult)
fails to highlight the aneurysm as the thrombusomdthus borders of the aneurysm) has similamisitees with
the surrounding tissues.
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Figure 3. 3D volume rendering of an enhanced CTAgarfallowing the AAA segmentation performed by preposed
system.

3. Conclusion

This paper presented an efficient system for amraatic and accurate detection and segmentation of
abdominal aortic aneurysm. The experimental reshitasved a 98% success in detection of the aneuntm
95% segmentation result when tested on 60 CTA distas
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