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1 Overview
BraTumIA is a software tool for automatic brain tumor image analysis. It can segment the tumor
including its sub-compartments from magnetic resonance images (MRI) of glioma patients. For this, it
requires four different MRI sequences (T1, T1contrast, T2, FLAIR) as an input and it outputs volumetric
information about the tumor and its sub-compartments (necrotic tissue, active enhancing tumor
tissue, non-enhancing tumor tissue and edema). Additionally, the software can also segment healthy
subcortical structures surrounding the tumor. Label maps of the segmented tissues and structures are
available as an overlay on the original images.
The images are processed using a pipeline approach, where skull-stripping is performed first in order
to generate a brain mask. Subsequently, all images are co-registered to ensure voxel-to-voxel
correspondence between the different MRI sequences. Based on these registered images, a
segmentation of the patient images into healthy and tumor tissues is done based on combined
classification and regularization. This produces a label map and quantitative information about tissue
volumes. Healthy subcortical structures are segmented using a deformable registration of an atlas to
the patient image. Finally, the label maps can be transformed back into the original space of each
image sequence so that they can be shown as an overlay on the original images.
The computation time for the complete pipeline depends on the processor and the amount of
memory, on modern computers it should take around 5 minutes to process one patient.
Please be aware that BraTumIA is intended for scientific use only!

2 System Requirements and Installation
The program runs on Windows 7 or Windows 8 (64bit version) with a minimum of 16 GB of RAM
memory (more is recommended). Start the Windows installer program and choose a location to install
the program on your computer or extract the files which are in the zip folder into a directory of your
choice (approximately 2 GB of hard disk space are required).
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3 User Manual
The core program is organized as a pipeline where skull-stripping, multi-modal registration, tissue
classification and segmentation of subcortical structures are carried out sequentially. From the main
window, the user has to load the image data first, then process it, before he can visualize and analyze
the results.

3.1 The main window
The main window of BraTumIA contains menu buttons for loading and unloading images at the top.

On the left panel, the user can find different options for processing and visualizing the data. This panel
also contains basic patient information, information about the currently ongoing actions and
quantitative information about the segmented tumor volumes.
The largest part of the main window contains four visualization sub-windows, where the image data
and the label overlay are shown. The different sub-windows can either show different MRI sequences
or one sequence in different viewing orientations.

3.2 Loading the data
The user can start to load the patient images by clicking on the Load button and add the sequences. He
has to choose the location of the T1, T1contrast, T2 and FLAIR images. BraTumIA supports volumetric
images in the meta image format (.mha), the Nifti format (.nii) and Dicom series (.dcm). If the format is
Dicom, the different modalities have to be located in different folders and the location of the folder for
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each modality has to be selected. The directory tree has to be selected in the left sub-window and the
final folder/image in the right sub-window.

In addition to the four MRI sequences, it is possible to specify a template image, to which all other
images will be registered. This can be e.g. a CT of the same patient (so that the segmentation can be
overlaid on the patient CT image) or an MRI atlas image (for normalization in a standard space). In
longitudinal patient studies, it can also be useful to use the T1contrast image of the first baseline scan
of this patient as a reference template for all acquisition time points in order to ensure voxel-to-voxel
correspondence and allow for direct comparisons across different time points. If a template for spatial
normalization is not required, then this field can be left empty.
Finally, an output folder has to be selected where all the results will be stored.

3.3 Processing the data
For the processing, the user can call each module separately (skullstripping, multi-modal registration, classification) or he can press the
All@Once button for a completely automatic processing in the Do Seg tab,
located on the left panel. The classification button and also the All@Once
button will perform both segmentation of tissues and subcortical
structures. The progress can be seen in the command line window.
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3.4 Visualizing and analyzing the results
The visualization sub-windows can be used in two ways: when all is ticked in the modality selection
panel on the left, then all four modalities are displayed in clock-wise direction, starting with T1 on the
top left, T1contrast top right, T2 bottom right and FLAIR bottom left. If only one specific modality is
ticked, then this modality is displayed in axial, coronal and sagittal view in 3 sub-windows and the
fourth sub-window shows the T1contrast image.

In the panel on the left, it is also possible to choose whether the registered version or the original
version of the images should be displayed. The Tissues option allows the user to choose if the
segmented label image should be shown as a color overlay over the grayscale images and the
Structures options will show the subcortical Structures as an overlay. In the Show Seg menu the user
can choose which modalities should be overlaid with the color label map. Finally, when the multi-scroll
box is ticked, it is possible to scroll through all modalities simultaneously (this makes only sense for the
registered images), otherwise only the sub-window under the cursor is active.
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The segmentation table is a pop-up window that shows the volumes for each segmented tissue
compartment. From this window it is also possible to switch on and off certain layers of the color label
overlay by simply clicking on the respective tissue.

When the mouse cursor is located above a sub-window, additional activities are possible: Scrolling
through the slices can be achieved with the scrolling wheel of the mouse or the scroll-bar on the right.
When pressing the left mouse button and moving to the left and right or up and down, windowing and
contrast of the image can be adjusted. Zooming is possible by pressing the right mouse button and
moving up or down. The keyboard shortcut shift + r can be used to reset the current sub-window.
By pressing the Create Report File button, a .csv file is created that contains a longitudinal volumetric
analysis of the active patient. It is stored in the output folder of the first baseline scan.
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If the show template window button is clicked, the template image is shown in a separate pop-up
window. The template image can also be overlaid with the segmentation results of tissues or
structures if the relevant buttons are ticked.

3.5 Locating the data on disk for external use
All the results are stored in a folder structure, which is located in the output directory that has been
chosen by the user when loading the data.
The classification folder and the structures folder contain the label image in the registered image
space, plus the label images which have been transformed back into the original space of each
modality (T1, T1contrast, T2, FLAIR, template) in .mha format. If the input images were in Dicom
format, this folder also contains all the label output images in Dicom format, so that they can be
uploaded to a PACS system for further use. Additionally, the classification folder contains a report file
in .txt format, listing the segmentation volumes for all the healthy and pathologic tissue subcompartments and also the convential 2D RANO diameter measurements, which are automatically
extracted from the segmentation result. The subcortical structures which have been segmented, can
be identified by the numbers they are assigned with. The subcorticalStructures.txt file in the structures
folder provides information which structure is represented by which number.
The originalFiles folder contains the original input files (T1, T1contrast, T2, FLAIR, template) in .mha
format. For research purposes this format can be handled more easily than Dicom stacks.
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The Registration folder contains all image sequences after registration and skull-stripping in .mha
format. It also contains the transformation parameters, which have been used for each sequence in
the .tfm files.
The SkullStripped folder contains the brain mask of the T1contrast image, plus the skull-stripped
T1contrast image in .mha format.

4 Known Issues
•
•
•
•
•
•

Possible problems with tumors at the skull border (due to skull-stripping inaccuracies)
Possible problems with pediatric patients
Not optimized for post-operative images yet
In general, the algorithm tends to over-segment tumor (more false positives than false
negatives, especially edema in infratentorial regions)
Better performance on high-grade gliomas than low-grade gliomas
The accuracy of the subcortical structure segmentation has not been carefully evaluated yet.

5 Scientific Background
Brain tumor segmentation is a difficult task and despite a vast amount of scientific literature [1], there
are only very few tools that can be used in a clinical context. BraTumIA is a research tool that aims at
bridging this gap between science and clinics. For this, it builds on experience that was previously
gained with the Doctor-No suite [2]. It allows clinicians to perform tumor segmentation and volumetry
as suggested by the RANO group [3] in addition to segmentation of subcortical structures. BraTumIA
has recently been evaluated in a clinical study [4].
The complete functionality is integrated into a graphical user interface [5] that is easy to handle for
radiologists. All the computation and visualization algorithms are implemented in C++ using ITK [6],
VTK [7] and Qt [8]. The skull-stripping is based on [9], whereas the registration is a standard rigid
registration with mutual information similarity metric which can handle different modalities [10], [11].
The core of the program is the tissue segmentation method, which is based on a machine learning
approach for integrated classification and regularization [12], [13], [14]. The segmentation method
which is integrated in BraTumIA won a Kitware award at the MICCAI BraTS 2012 challenge 1 and an
award from the National Cancer Institute at the MICCAI BraTS 2013 challenge 2 for being among the
best performing methods for brain tumor segmentation [15]. The segmentation of subcortical
structures is based on a simplified version of [16], where an atlas [17] is non-rigidly registered to the
patient image (in contrast to [16] no tumor growth model is used here).
The definition of the four different tumor sub-compartments follows the the VASARI guidelines of the
National Cancer Institute of the American NIH [18].

1
2

http://www2.imm.dtu.dk/projects/BRATS2012/
http://martinos.org/qtim/miccai2013/
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6 How to cite BraTumIA
If you use BraTumIA, please cite the following publication:
N. Porz, S. Bauer, A. Pica, P. Schucht, J. Beck, R. K. Verma, J. Slotboom, M. Reyes, and R. Wiest,
“Multi-Modal Glioblastoma Segmentation: Man versus Machine,” PLoS One, vol. 9, no. 5, p.
e96873, May 2014.
This handbook can be referred to as:
S. Bauer, T. Fejes, R. Meier, M. Reyes, J. Slotboom, N. Porz, A. Pica, and R. Wiest, “BraTumIA - A
software tool for automatic Brain Tumor Image Analysis,” 2013.
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