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Automated stroke lesions classification into 

arterial territories of the neonatal brain 

Tutorial 

 

Supplementary material for: 

'Precise neonatal arterial ischemic stroke classification with the first three-dimensional 

map of the arterial territories of the neonatal brain' 

 

Overview 

The automated classification tool presented here, along with the map of arterial 

territories of the neonatal brain (ATNB), are intended to facilitate quick and precise 

classification of neonatal arterial ischemic stroke lesions according to the arterial 

territories. In order to use it, two images for each subject are required; the first one is a 

T1 anatomical image of the subject; the second, an image containing a segmentation of 

the lesion of the subject in the subject's space, which can be achieved semi-

automatically by using software such as ITK-SNAP [http://itksnap.org].1 

The script starts by warping the segmented lesion image of the subject in a template,2 

over which the ATNB map was developed. The percentage of the lesion located at each 
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arterial territory, as well as the percentage of territory involved in each lesion, is then 

calculated. 

A Python script is available for download along with some supplementary files that are 

necessary for it to function properly. Since the script employs some external modules, 

namely, TkInter (https://wiki.python.org/moin/TkInter) and Plotly (http://plot.ly), you 

will have to download them previously. 

Alternatively, you can download a compiled executable file ready to work without 

needing to install Python and/or external modules. 

Finally, this tool also relies on ANTs software (http://picsl.upenn.edu/software/ants)3 

and FSL suite (http://fsl.fmrib.ox.ac.uk), which must be installed. 

 

How to use it 

 1) Download either the ZIP file containing the Python script or the one 

containing the executable file and unzip it. 

 2) Prepare the files to be analyzed. Both the anatomical image and the 

segmented lesion image of each subject must have the same name, and they have to be 

distinguished from each other by placing the suffix '_anatomic' (for the anatomical 

image) and '_segmented' (for the segmented lesion image), after the name and before 

the extension of the file (e.g., 'subject1_anatomic.nii' and 'subject1_segmented.nii'). All 

images must be located in a new folder within the same directory where the ZIP file was 

unzipped. 
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 3) Execute the file 'arterial_territories_classification.exe' or type 

'arterial_territories_classification.py' in the terminal. 

 4) First, you will be prompted to type a name for the resulting files that will be 

generated (see 'Output' section). The name by default is 'output'. 

 5) Second, you will have to specify the directory in which your ANTs software 

is located. If you are using the Python script instead of the executable, you can modify it 

in order to avoid having to select the ANTs directory every time you run the program. 

To do so, open the script with a text processor, replace the value of the variable 

'ants_dir' (line 17) with the path of your ANTs directory, and uncomment the line; 

additionally, change the value for the 'ask_for_ants_dir' variable (line 18) to 0. 

Note: in order to select a directory when you are prompted to, you need to 

search for it and double-click it. The name of the desired folder must appear, 

along with the rest of the path, in the textbox located in the bottom of the dialog 

window. 

 6) Finally, you will have to select the directory containing the required files (i.e., 

both the segmentation and the anatomic images of the subject/s). 

Important: two new folders will be created in this directory; one of them 

(named 'generated_files') will contain all the files generated during the 

procedure, while the other (named 'results') will contain the files with your 

results. If you choose a directory that has been previously analyzed, you will be 

asked to confirm whether you want to overwrite the results or not. This may be a 

good option if you want to add new subjects to those that have been already 

analyzed without having to repeat the whole procedure, but note that you must 
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keep the older files in this directory; otherwise, the previous results will be 

deleted. 

 7) (Optional) The degree up to which the resulting image is smoothed can be 

adjusted if you are using the Python script instead of the executable. You can do it by 

replacing the value of the variable 'sigma' (line 436; sigma = FWHM / 2.355), which is 

set by default to 0.85 (2 mm). Greater values of 'sigma' will result in a higher degree of 

smoothing. 

 

Output 

The following 3 files will be created in the 'results' folder that will be generated in the 

directory where your anatomical and segmented images are located: 

 1) Excel file: the Excel spreadsheet contains 3 sheets. In the first sheet ('General 

information'), absolute and relative lesion volumes are shown for the full brain and for 

each hemisphere. The second sheet ('Lesion location') shows how each lesion extends 

over the arterial territories, i.e., the percentage of lesion located at each arterial territory. 

The third sheet ('Territory affectation') shows how each arterial territory is affected by 

the lesion, i.e., the percentage of territory involved in each lesion. 

 2) Bar graph: the graph depicts a bar for each lesion analyzed. The bars are 

segmented according to the percentage of lesion located at each arterial territory. The 

information depicted in the graph is equivalent to that shown in the sheet 'Lesion 

location' of the Excel spreadsheet. 
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 3) Lesion distribution image: this three-dimensional image shows all the 

segmented lesions overlapped and warped to the ATNB map. Since the volume of each 

lesion is binarized, this image can be interpreted as a 'heat map', in which greater values 

indicate a higher concentration of lesions. This image can then be overlaid to the ATNB 

map to have a graphical representation of how the lesions are distributed over the 

territories. 
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