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Formalizing actions and mental processes done by radiologists during the observation and analysis of medical images, we designed and implemented an efficient segmentation procedure that allows the creation of 3D models of abdominal anatomies in a simple and rapid way. The procedure, as in the daily clinical  practice,
uses “multiphase” CT datasets consisting in several volumetric images of the same anatomical district acquired with different delays from the injection of contrast medium. Each anatomical structure is extracted from the contrastographic phase where it is better visible. Structures easy to segment are extracted
at early stages and then removed from the dataset simplifying the segmentation of structures more difficult to identify. The optimal segmentation sequence has been defined on the basis of anatomical, empirical and functional consideration concerning the timing of contrast distribution. The whole segmentation procedure
is based on the neighbourhood connected region growing algorithm that, appropriately parameterized for the specific anatomy and combined with the optimal segmentation sequence, allows optimal segmentation results in spite of simplicity and usability. The segmentation tool we implemented allows to create
and visualize results of the segmentation on the fly. Interactive visualization of 3D anatomical models, extracted with specific settings, is used by radiologists for the fine tuning of segmentation parameters and for the validation of extracted models. The implemented segmentation procedure has been tested
on 25 multiphase standard CT exams. The creation of 3D models of bones, abdominal aorta, vena cava, portal, splenic and mesenteric veins, using our procedure and software tool requires to a radiologist less than 30 minutes of work .ureters, kidneys, pancreas, spleen, splenic aorta,
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Step 2: anisotropic filtering (optional), to enhance image quality 
            (especially required for obese patients).

This action is completely automatic.

Step 3: removal of  pre-extracted objects   to  take advantages like
that shown in fig. 2. Pre-extracted objects can be dilated to
compensate organs misalignment between different phases.
This action is completely automatic.

Step 1: bounding box selection , to reduce computational time. 
This action is manual but very simple and fast.

Step 4: tuning and running  the segmentation algorithm 
requires just to set a seed point, two thresholds and

             a  radius.  Expansion  allows  to  recover  the  entire 
             volume, this factor can be set equal to the radius.

Step 5: filtering  and  hole  filling   to enhance  the  quality  of the 
             result in terms of mesh smoothing and complexity.

This action is completely automatic.

Each anatomical part is segmented using a processing pipeline, composed of 5 steps,  that we developed as a module  on the top of the open source
software ITK-SNAP 1.5 (www.itksnap.org) that allows simple DICOM files exchange and rapid generation and interactive visualization of 3D models.

EndoCAS Segmentation Pipeline

Figure 2 – The relevance of segmentation sequence and removal of segmented organs. (a) CT slice of the arterial phase. (b) 3D model, extracted from the arterial phase,
obtained using  connected threshold region growing algorithm  parameterized  for artery segmentation:  lumbar arteries, touching the spine and having the same intensity
compromise the segmentation. (c) Bones (easily segmented from basal phase where arteries are not contrasted) are removed from the arterial phase. 
(d) 3D model of the artery generated, after the removal of bones from the arterial phase, with the same algorithm and parameters used in  b.

Figure 3 – Tuning the segmentation algoritmh. (a) Selection of threshold interval seeing in real time the obtained binarized image in the 3 cross section windows (it is shown
 only the axial section). (b ) Insertion of seeds in the binarized image .   (c)  Running of the segmentation with 2D and 3D result.  (d) Result using different parameters.

Figure 1 – Initialization of EndoCAS segmentation pipeline. The user selects the working volume, chooses the dilatation factor for removal (column spine and ureteres
 in this case) and selects or not anisotropic filtering. Eventually the user can resample the image.
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