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Guiding you step by step 

through the process of 

centerline extraction of 

Coronary Arteries in a cardiac 

blood-pool MRI using VMTK 

based Tools. 

Learning Objective 
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Background 

Coronary heart disease (CHD) is the 

leading cause of death in high-income 

countries and one of the main causes of 

death worldwide*. 

 

The primary cause for CHD is  

atherosclerosis of the coronary arteries and 

is called coronary artery disease 

(CAD). 

 

The extraction of the central lumen line 

(centerline) of coronary arteries is helpful 

for visualization purposes, stenosis 

quantification or further processing steps. 

* WHO Fact Sheet 310: http://www.who.int/mediacentre/factsheets/fs310/en/index.html 

Human Heart with Coronaries, Author: Patrick J. Lynch 

(1999), Creative Commons License 
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Materials 

This tutorial requires the installation of the Slicer3 

software and the tutorial dataset.  They are available at 

the following locations: 
 

• Slicer3 download page (Slicer 3-3.6.3-2011-03-04-win32.exe)  
http://slicer.org/pages/Special:SlicerDownloads 
 

 

 

 

 

 

 

 

 

 

• Tutorial MRI data (3 files)  
http://www.na-mic.org/Wiki/index.php/File:TutorialVMTKCoronariesCenterlinesMRI_Data_Winter2010AHM.zip 

Disclaimer: It is the responsibility of the user of Slicer to comply with both the terms 

of the license and with the applicable laws, regulations, and rules. 
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Installing VMTK in 3D Slicer 
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Installing VMTK in 3D Slicer 
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Installing VMTK in 3D Slicer 

1.  

2. Click “Download & Install” 

3. Click “Next” 
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Installing VMTK in 3D Slicer 
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Installing VMTK in 3D Slicer 
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The Pipeline 
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Loading Data 



-13- National Alliance for Medical Image Computing 

Loading Data 

Select the file 

“tutorial_cardiac_mri_d

ata.nrrd” and press 

Apply.  

 

Repeat this for the 

other two files: 

“tutorial_cardiac_mri_d

ata-Subvolume-

resample_scale-

1.0.nrrd” and 

“EnhancedVesselness

Out” 
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Viewing Data 

Make sure you are viewing the “tutorial_cardiac_mri_data.nrrd” 

data by selecting that file on each slice window as shown. 
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Viewing Data 

The layout selector will allow 

you to choose the desired 

window(s) of interest for 

viewing. Start off with the 

“Conventional layout” 
 

Your layout preference will depend 

on the task that you are performing. 

You might want to use the “Red slice 

only layout” for segmentation or the 

“3D only layout” for centerline 

computation 



-16- National Alliance for Medical Image Computing 

Active Volume 
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Active Volume 

Make sure that the Active volume 

is the “tutorial_cardiac_mri_data” 

file.   

 

You will need to make sure that 

you have the correct data file as 

the Active Volume at each step: 

Extracting ROI, Vesselness 

Filtering, Level Set Segmentation, 

and Centerline Computation. 
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Extracting the ROI 

Use the modules selector to start “CropVolume” under  the 

“Converters” menu 
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1. Make sure the “Input 

Volume” is the tutorial data  

2. Create a new 

MRRLROINODE 

under “ROI:” 

3. Create a new volume as the 

“Output Volume” 

Extracting the ROI 
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Extracting the ROI 

Now click around the heart in the slice views to select the 

subvolume. The selection is shown in transparent blue above.  
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Click “Do ROI resample” to extract the subvolume.  

Extracting the ROI 
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Extracting the ROI 

Your red, yellow, and green slice windows should now show 

the subvolume. If not… 
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If not, you should be able to change the data in view to the 

subvolume that you extracted, “tutorial_cardiac_mri_data-

subvolume-resample_scale-1.0_1”.  

Alternatively, you can use the subvolume that you initially 

loaded, “tutorial_cardiac_mri_data-subvolume-

resample_scale-1.0”. 

Extracting the ROI 
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Extracting the ROI 
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Change Active Volume 
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Change Active Volume 

1. Be sure the subvolume that you 

selected for viweing, either the 

“tutorial_cardiac_mri_data-

subvolume-resample_scale-1.0_1” 

or the “tutorial_cardiac_mri_data-

subvolume-resample_scale-1.0” is 

the Active Volume. 

 

 

2. If you adjust the Window/Level 

setting to 1082 and 1257 you get a 

better visualization 
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Vesselness Filtering 

Navigate to the 

VMTKVesselEnhancement 

module under the “Vascular 

Modeling Toolkit” Menu using the 

modules selector 
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Vesselness Filtering 
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Vesselness Filtering 

1. Select the desired 

subvolume as your “Input 

Volume” 

 

2. Make sure that the “Output 

Volume” is a new file with the 

file name starting with 

“EnhancedVesselnessOut…” 

and NOT any other file that 

would potentially be overwritten 
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Vesselness Filtering 

1. Enter “0.1” (unit: mm) as the minimal 

diameter of tubular structures to detect 

 

2. Enter “2.0” (unit: mm) as the maximum 

diameter of tubular structures to detect 

 

3. Choose a low threshold of “0.3” to 

detect line-like rather than plate-like 

structures 

 

4. A higher threshold of “500” limits the 

detection of bloblike Structures 

 

5. The contrast of the vessels in 

comparison to the background in the 

tutorial data is very high, so set a higher 

threshold of “500” to detect only well 

visible structures 
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Vesselness Filtering 
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Vesselness Filtering 

After you Click Start, the software may 

appear as “Not responding”. Don’t 

worry, it should still be working!  

 

In fact, any time you click on a button to 

perform a task, the software may 

appear as not responding, but should 

be performing the task indicated. 
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Vesselness Filtering 
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Level Set Segmentation 

Navigate to the 

VMTKEasyLevelSetSegmen

tation module under the 

“Vascular Modeling Toolkit 

 menu using the modules 

selector 
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Level Set Segmentation 

This panel now appears.  

 

The Level Set Segmentation 

process consists of two 

steps: Initialization and 

Evolution 
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Level Set Segmentation 
1. Select the “EnhancedVesselnessOut” 

volume as the “Input Volume” 

 

2. Use the “Source Seeds” selector to 

“Create New Fiducial List” 

 

3. Make sure that both “Output volumes” 

are new files that begin with 

“VMTKInitialization…” and 

“VMTKEvolution…” and NOT existing files 

that can potentially be overwritten 

 

4. Deactivate “Use Volume Rendering” 

because Polydata is needed later 

 



-39- National Alliance for Medical Image Computing 

Level Set Segmentation 

Switch to “Place mode by 

using the icon in the 

toolbar shown above. 
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Level Set Segmentation 
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Level Set Segmentation 

Change to switch to 

“Place” mode again! 
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Level Set Segmentation 
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Level Set Segmentation 

5. Set a lower threshold of “0.143” 

 

6. Click “Start! 
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Level Set Segmentation 

If you are not already in 

“Conventional Layout,” 

switch to conventional 

layout to see the 3D 

rendering of the model you 

just created! 
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Level Set Segmentation 
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Level Set Segmentation 
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Level Set Segmentation 

1. The initialization is already close to the 

edges of the vessels so no inflation in 

needed 

 

2. To get a smooth surface a higher 

curvature weight of “70” is important 

 

3. To attract the segmentation to the 

gradient ridges a high attraction weight of 

“100” is necessary 

 

4. Now Click “Start”! 
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Level Set Segmentation 

The result is shown as a yellow 

model in the 3D rendering 

window and as an overlayed 

label map in the 2D slices 



-49- National Alliance for Medical Image Computing 

Centerline Computation 

Navigate to the 

VMTKCenterlines module 

under the “Vasculas Modeling 

Toolkit” using the modules 

selector 
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Centerline Computation 
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Centerline Computation 

1.Set the “VMTKEvolution 

Model” as the “Input Model” 

 

2. “Create New Model” for 

the Preparaton Step Output 

Model. This will create a 

model called 

“VMTKCenterlinesPrepOut” 

 

3. Click “Prepare Model!” 

       The blue model in the     

 3D Rendering Window 

 turns green 
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Centerline Computation 

1.Use the “Centerlines 

Computation” panel to delete the 

“Seeds” FiducialList and “Create 

New FiducialList.” This will create 

a fiducial list named “Seeds1” 

 

2. “Create New Model” for the 

Centerlines Output Model. This 

will create a model called 

“VMTKCenterlinesOut” 

 

3. “Create New Model” for the 

Voronoi Diagram. This will create 

a model called 

“VMTKVoronoiOut” 

DON’T CLICK “GET CENTERLINES!” YET 
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Centerline Computation 

Place a Seed in the 3D 

Rendering Window 

directly on the green 

model where the desired 

Centerline path will start 
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Centerline Computation 
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Centerline Computation 
Place a “Target” 

Seed in the 3D 

Rendering Window 

directly on the green 

model where the 

desired Centerline 

path will end.  

 

You can switch to 

Transform mode to 

rotate the model 

and place the seeds 

where desired 
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Centerline Computation 
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You should have gotten a 

centerline for the selected 

path and a Voronai diagram 

for the entire segmented 

area. It looks like figure 1. 

 

If you got something that 

looks like figure 2, then 

something went wrong when 

computing the Voronoi 

diagram. We can just delete 

or make the voronoi diagram 

invisible for now…. 

Centerline Computation 
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If instead you want to make the Voronoi 

diagram invisible open the “Data” module.  

 

Then scroll down on the “Display & Modify 

Scene” Panel and click on the eye next to the 

“VMTKVoronioOut” file to close the eye and 

make it invisible. 

You can delete the Voronoi diagram by 

opening the “Voronoi Diagram” menu under 

the Centerlines Computation panel. Make sure 

the “VMTKVoronoiOut” file is selected and 

choose delete 

Centerline Computation 
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You can also turn off the VMTKCenterlinePrepOut 

model to see just the Centerline path that you created 

in the 3D rendering Window.  

Results 
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Results 

In general you can come back 

to the data module at any 

time to turn on and off 

segmentation parts 

conveniently.  
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Saving Files 

1. Now is a good time to save your work…when saving, select all of the files 

that you would like to save 

2. Select the directory that you would like to save the checked files in.  

3. Click “OK” 

4. Then Click “Save Selected”  
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Make sure that, when you choose a destination and 

enter a file name, you include the file extension type  to 

save as a “.dat” file 

Saving Files 



-63- National Alliance for Medical Image Computing 

Saving Files 

ANA: I HAVE 

NOT 

CHECKED 

TO SEE IF 

FILES WERE 

SAVED 

CORRECTLY 
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