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The demo version of MEDVIS 3D and the demo data for this tutorial can be obtained from 
www.medvis3d.at. If you have any further questions or if you need information on the licensing of our 
software please contact us at info@medvis3d.at or +43 7236 3343 672. 
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2 GENERATION OF THE 3D VOLUME 
After starting up MEDVIS 3D, the first window you get to see is the DICOM Explorer. The panel on the 
left, which lists all patient data previously imported into MEDVIS 3D, is still empty. In order to add 
DICOM data, click on “Import…” and browse to the directory on your hard drive containing the sample 
data. Select the containing folder and click “OK”. The image data are then loaded to the program cache, 
and your screen should now look like this:  

 

The appearance of the user interface (button size, font size, etc.) can be modified in the “Options” menu 
in the submenu “User Interface”.  

In the middle section of the window, the first DICOM slice in the sequence is displayed. You can scroll 
through all 240 images with the slider to the left of the slice or by using the scroll wheel of your mouse. 
Scroll to image #134 (the number is indicated in the blue bar above the image), and you will clearly see 
an aneurysm in the display plane: 

Image Number 
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You may also notice that the image contrast could need some improvement. Click on the “Histogram” 
button to show a small histogram of the intensity distribution in the current slice and the transfer 
function used to display it. By clicking on the “Contrast” button and “From current slice” in the 
corresponding popup menu, the contrast is automatically adjusted to optimize the current image: 

Histogram 
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The position and width of the contrast window can also be manually adjusted using the sliders on the 
right-hand side in the panel labeled “Contrast Settings”. You can also change the contrast settings by 
dragging the mouse cursor with the middle mouse button down. 

For now, we leave them on the automatic settings. In order to generate a 3D volume from the DICOM 
set with the current contrast settings, we now click on the button “Generate 3D Volume” to the right of 
the image. Selecting “Generate with current contrast” from the popup menu initializes the volume 
reconstruction process for the whole data set and, once it is finished, opens the Volume Explorer 
window showing the voxel volume:  

Histogram to 
modify contrast 

Sliders to modify 
contrast 

Reconstruct 3D Volume 
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The colors of vessels and background may look different on your system, you can change them in the 
“Colors” Tab in the Options Dialog - button “Options” in the top panel. 

The toolbar on top of the Volume Explorer allows setting the mode of interaction with the volume 
(Move, Measure, Rubber, Cut, and Pick). Furthermore, you can perform several actions on the current 
3D volume or save the volume. The “Options” button opens the dialog to edit the settings for displaying 
the 3D volume. You can choose between different rendering techniques according to your available 
graphics hardware. The "Show" button allows showing/hiding different graphical widgets. 

The toolbar on the left allows the show/hide different objects in the 3D view. 

The wizard panel on the right guides you through the process of segmenting an aneurysm volume and 
simulating the blood flow. You have to perform tasks 1-5 in order to get to the simulation results (task 6). 
The “Intensity Threshold” slider on top allows changing the threshold of visible voxels in the current 
volume (the transfer function respectively). This threshold can also be changed by moving the mouse 
with the middle button clicked. 

The “Status Messages” panel on the bottom shows all messages of running calculations and volume 
interactions.  

Change display 
options 
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3 SEGMENTATION OF THE ANEURYSM 
You can rotate the volume by holding the left mouse button pressed and moving the mouse inside the 
3D view. Similarly, you can move the volume around with the right mouse button, and zoom in or out 
with both buttons simultaneously (or by using the scroll wheel). 

The volume is visualized by assuming the blood surface where the intensity of the image exceeds a 
certain threshold, therefore the display changes considerably depending on the value of this threshold. 
Initially set to a medium intensity, the threshold can by changed with the slider on the top of the panel 
on the right-hand side or by holding the middle mouse button and moving the mouse along the left-right 
or up-down axis. For this tutorial, you should leave the slider at the middle position (at a threshold value 
around 130). 

While inspecting the volume, you have probably noticed that it includes a lot of artifacts and small 
vessels that are not connected to the main artery. Although we will cut away most of the volume 
surrounding the aneurysm in the next step, you can try the “Clean” function at this point, which gets rid 
of everything that is not connected to the main vessel, and also of single protruding points on the vessel 
surface. Click the button with the broom icon in the top panel and hit “Yes” in the following dialog box. 
The volume should now look something like this: 

 

Clean artifacts 
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Now we will start the automatic aneurysm detection in order to locate the position of the aneurysm we 
want to examine. The detection algorithm is based on the so-called “skeleton” of the vascular tree, 
which is a simplified representation of the vessel structure obtained by calculating the corresponding 
center lines. Right after the volume generation, the calculation of the skeleton was started in the 
background. Click the “Skeleton” button on the left-hand panel to superimpose the skeleton on the 
blood volume: 

 

  

Show skeleton of 
vascular tree 
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To view the skeleton alone, click on the “Volume” button to hide the volume visualization: 

 

  

Show/hide 3D 
blood volume 
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Click now on the “Detect” button in the wizard panel under task “1. Select Aneurysm(s)” to start the 
automatic aneurysm detection. You should get a message “1 aneurysm(s) detected”. Click “OK”, and it 
will be added to the list on the right and highlighted in the 3D view:  

 

Note that aneurysms can also be added manually (button “Add Aneurysm”) if not found by the 
automatic detection, and false positives (suspicious points along the vessel that are listed as “Aneurysm” 
but are not) can be discarded by pressing the button with the trashcan icon next to the aneurysm list. 

Once a genuine aneurysm is selected, we cut out a spherical region (=aneurysm sphere) of the volume 
around the aneurysm, removing all data further away than a certain radius from the aneurysm center. 
The radius of the sphere (shown in yellow in the 3D view) can be adjusted with the slider in the second 
panel (“2. Select Aneurysm Radius”) on the right. For this tutorial, we increase the radius a little bit until 
it completely covers the aneurysm (around 10.7 mm in the “Object Properties” panel) and confirm by 
pressing the green button next to the slider.  

  

Slider to set radius of 
aneurysm sphere 
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The corresponding volume is then cut out, smoothed and displayed in the 3D view:  

 

Note that the segmented blood volume is slightly larger than the displayed aneurysm sphere. This is not 
a mistake but helps automatically detecting inlet and outlet planes (see next chapter). 

  

Aneurysm sphere 
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4 DEFINING INLET AND OUTLETS 
In the next step, we define the so-called “Cutting Planes”, which are the areas where the blood flow 
enters (=inlet) and leaves (=outlet) the segmented volume. Those serve both as boundary conditions for 
the blood flow simulation, and as start and end points for the schematic vessels used to determine the 
volume and diameters of the aneurysm itself by erasing them from the segmented volume. 

When clicking on “Detect Inlet/Outlets”, inflow and outflow areas are automatically set everywhere the 
skeleton of the segmented volume intersects with the aneurysm sphere: 

 

 

The inlet (blue disk) is assumed at the intersection closest to the afferent artery, and a virtual vessel 
(displayed as green tubes in the 3D view) is generated from there along the skeleton to each of the 
outlets (green disks). The arrows indicate the flow direction of the blood. 

Rotating the view a bit, we see that there are a few side vessels with very low intensity/thickness, where 
no continuous skeleton was found: 

Inlet Plane 

Outlet Planes 
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Since these vessels have a very small influence on the blood flow through the aneurysm, we can, 
however, remove them from the volume. First, we remove the unnecessary outlets. Click on the 
“Modify Planes/Vessels” button. An info dialog will appear, and the cursor will turn into a hand. You are 
now in the Pick mode, where you can edit or remove existing Cutting Planes and Vessels or add new 
inlets/outlets. If you click on one of the outlets, a context menu will pop up: 

Fragmented vessel 

Unnecessary planes 
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Choose “Delete Plane” and do the same for the other outlet.  

  

Modify planes 

Click on a plane – a context 
menu allows several actions 
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Now, to remove the vessels, click on the “Cut” tool in the toolbar on the top of the window (you can 
alternatively also use the Rubber tool). Select the region to cut away by defining the points of the 
surrounding polygon line as in the following screenshot:  

 

  

Cut mode allows manual 
segmentation of 3D volume 

  

Define a cutting polygon 
for segmenting parts of 
the volume 

  

Toggle vessel visibility 
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Right-click on one of the points to make a context menu appear: 

 

Select “Keep outer volume” to remove the region inside the polygon path.  

  

Context menu for cutting  
actions 
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Now, we add two new outlets where the vessels have been cut off. Use the “Modify Planes/Vessels” 
button again and click on the vessel: 

  

Choose “Add Outlet” for both vessels (try not to set the outlets too close to a curve or junction in the 
vessel).  

  

Context menu for adding cutting 
planes manually 
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Another problem with the vessels becomes apparent if you show the skeleton again: 

 

Looking at the two vessels at the bottom, we see that they run so close to each other that with the given 
image resolution, they cannot be separated, and the skeleton connects the two strands. The virtual 
vessels are therefore also not detected correctly in this region.  

  

Show the skeleton 

Erroneous skeleton 
connections of vessels 
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Hence, we remove part of the lower vessel using the “Rubber” tool from the tool bar:  

 

You can choose the shape and size of the rubber tool from the context buttons appearing below the 
toolbar. The size of the rubber tool can also be adjusted when the right mouse button is pressed.  

  

Choose Rubber mode to quickly 
remove parts of the volume 

Rubber tool for removing voxels 



MEDVIS 3D Tutorial  http://www.medvis3d.at 

©  Copyright RISC Software GmbH, Research Unit Medical Informatics, Softwarepark 35, 4232 Hagenberg, Austria 

After applying the tool, your screen should look like this: 

 

Once again, remove the now invalid outlets and add a new one to the vessel. 

  

Removed vessel volume 

Invalidated cutting planes 
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The vessels should now be defined correctly. If they are not updated automatically, click on “Regenerate 
Vessels”. They should look like in the following screenshot: 
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5 MEASURING THE ANEURYSM 
Once the vessels are correctly defined, it is possible to calculate the volume and physical dimensions of 
the aneurysm. If you click the “Calc Volume & Diameters” button, the volume contained within the 
surface of the virtual vessels (green tubes) is removed, and the remaining part of the volume is 
considered as belonging to the aneurysm. Its volume in cubic millimeters, the maximum plus two 
orthogonal diameters and the ostium size will be shown in a dialog window, and the measures are then 
also displayed in the 3D view: 

 

 

As you can see, the maximum diameter is not correctly calculated, since a part of the vessel has 
remained below the aneurysm. This is where the “Vessels Margin” slider comes in. Click on “Aneurysm 1” 
in the aneurysm list or click on the button “Segmented” to reload the segmented volume, and then use 
the slider to slightly increase the diameter of the virtual vessels, and measure the aneurysm again.  Click 
the “Save” button when you are satisfied with the result. 

  

Vessel margin slider 

Aneurysm diameters are 
visualized in the 3D view 



MEDVIS 3D Tutorial  http://www.medvis3d.at 

©  Copyright RISC Software GmbH, Research Unit Medical Informatics, Softwarepark 35, 4232 Hagenberg, Austria 

It should now give the correct dimensions of the aneurysm:  

  

The measurements are also shown in the “Object Properties” panel on the right. 

Note that you can also change the margin for each vessel individually using the context menu after 
clicking the “Modify Planes/Vessels” button, in order to increase the accuracy of the measurements. You 
can also use the “Rubber” or “Cut” mode to remove small artifacts and click on “Calc Volume & 
Diameters” again. 

  

Object properties show 
measured diameters 

Click ‘Save’ to store current segmentation 

Show captions in 3D view 
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6 MESH GENERATION 
Before you can start a blood flow simulation, you have to generate a computational mesh, which is a 
partitioning of the blood volume into small tetrahedral elements. The smaller the mean size of the 
elements (the mesh resolution), the more accurate the simulation results will be, but the computation 
time will also increase accordingly. 

Open Panel 4 (“Mesh Generation”). Here you can choose a resolution and change a number of other 
parameters concerning the specifics of the mesh generation algorithms (by clicking the “Options…” 
button). For this tutorial, however - and in most other cases - the default settings will be suitable. Since 
this is a rather complex aneurysm, set the resolution to 0.3 mm (or higher) and click on “Generate Blood” 
to create a blood mesh. The message box on the bottom of the window will pop up and display some 
output of the meshing process that is started in the background. Once the process is finished, the mesh 
is loaded and displayed in the 3D view: 

 

The dark green part of the surface is the detected aneurysm surface, defined as the largest region of the 
mesh surface that is not contained inside a virtual vessel.  

  

2. Start mesh generation 

Detected aneurysm surface (green) and 
normal vessel surface (red) 

1. Show segmented 
aneurysm volume 
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Outlet areas are shown in light green, the inlet in blue. If not correctly detected right away, the 
aneurysm surface can be re-adjusted by changing the “Vessels Margin” and pressing the green button to 
the right of the slider: 

 

The detected aneurysm surface is used in the calculation of some physical quantities during a blood flow 
simulation, and also for the generation of a wall mesh. You can choose a distinct ratio between normal 
vessel wall thickness and aneurysm wall thickness in order to achieve more accurate simulation results 
(see chapter 8). 

  

Adjust the vessel margin to detect an 
appropriate aneurysm surface 
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7 BLOOD FLOW SIMULATION 
We can now start a blood flow simulation. If you have a CUDA- or OpenCL-capable graphics card, you 
should first open the “Options…” dialog via the button with the same name, go to the “Additional 
Options” tab and select the appropriate parallelization method in the “Hardware Acceleration” panel. 
Open Panel 5 (“Simulation”), choose “Blood Flow” from the drop-down menu and click the “Start” 
button. The Results Options Dialog window will appear, and after some time, when the first set of 
results is calculated, it will be visualized in the 3D view. As more results become available, another 
window will pop up which allows navigation through the results produced so far. Initially, all available 
time steps will be cycled periodically. You can stop the animation at any time using the Pause button 
(labeled “||”) in the Navigation Window. 

 

By default, one full cardiac cycle (assumed as lasting exactly one second) will be simulated. This duration, 
as well as numerous other parameters like peak velocity, blood pressure and physical properties of 
blood and vessel wall, can be adjusted in the “Simulation Options” dialog.  

  

Choose “Blood flow”, set options and 
click “Start” to run the simulation 
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Once the first time step simulation is complete, the results are immediately visualized in the 3D view. 
You can view the position within the cardiac cycle of the currently visible time step by activating the 
“Pulse Position” checkbox in the “Simulation Results Navigation” dialog. Clicking anywhere within the 
plot jumps to the corresponding time. The waveforms of inlet velocity and blood pressure are 
predefined curves taken from measurements. It is also possible to perform a steady state simulation 
with a constant inlet velocity.  

At the end of a transient simulation, several time-averaged quantities like the “Oscillatory Shear Index” 
(OSI) and the “Time-Averaged Wall-Shear Stress” (TAWSS) are calculated and can then be chosen from 
the drop-down menu in the Blood Flow panel.  

 

Particle trajectories (visualized by checking the “Particles” checkbox) also become available once the 
whole simulation run has finished. 

  

Choose how you want to 
visualize the simulation results 

Indicator of running calculation 

List of performed simulations of 
selected aneurysm 

Position in time currently 
visualized 

Open “Simulation Results” dialog 

Open “Simulation Results 
Navigation” 
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At any time during or after a simulation, pressing the top button in the “Results Options” dialog opens a 
list of all simulations that have been performed or are still running for the current aneurysm. It includes 
data about the mesh used like resolution and wall thickness, the estimated time remaining (ETR) until 
completion for running simulations, and some indices calculated from time-averaged results (see the 
MEDVIS 3D help files for further details). 

 

  

List of performed and running simulations 
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8 WALL ELASTICITY SIMULATIONS 
Apart from the blood flow, MEDVIS 3D can also simulate the deformation of the vessel walls caused by 
the blood pressure and flow patterns. You can either start a steady state simulation with a constant 
blood pressure (the value is taken as the systolic pressure in the Simulation Options dialog) applied to 
the inside of the vessel wall, or perform a transient (time-dependent) blood flow simulation with added 
elasticity (so-called Fluid-structure interaction – FSI – simulation). 

Before a wall elasticity simulation can be started, of course, a wall mesh has to be generated that fits on 
the existing blood mesh. Open the “Wall Mesh” subpanel in Panel 4. You have to choose a base 
thickness for the wall and a vessel-to-aneurysm ratio which defines how much thinner the wall is around 
the aneurysm than around the regular vessels.  Set the thickness to 0.4 mm, the ratio to 2:1, and use the 
same resolution setting as for the blood mesh. Then click “Generate Wall”. The mesh generation may 
take up to a few minutes in this case, but in the end you should see the final mesh looking like this:  

 

  

Start wall mesh generation 
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Now open panel “5. Simulation”, set the simulation type to “Steady Wall Elasticity” and Click “Start”. 
This calculation should only take a few seconds and yield the wall displacement as a result: 

 

To perform a transient FSI simulation, set the simulation type to “Blood Flow + Wall Elasticity”. The wall 
displacement and stress will now be calculated from the blood velocity and pressure in regular intervals. 
The result visualization will accordingly display both blood properties at the same time, and the pulse 
plot shows the blood pressure waveform in addition to the inlet velocity.  
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With the “Displacement” checkbox you can directly visualize the wall displacement, exaggerated by an 
arbitrary factor, in order to display the pulsation of the wall during the cardiac cycle. In order to have a 
look inside the vessel, you can check the “Clipping” Option and use the slider in order to set a clipping 
plane inside the vessel parallel to the viewing plane. So anterior parts of the vessel wall are clipped 
allowing an insight in the blood velocity field. 

You can also visualize stream lines through the blood volume and particle trajectories by checking the 
according checkboxes in the “Blood Flow” box.  

The drop-down menu below “Blood Flow” and “Vessel Wall” allow showing the different simulation 
results as color encoding on the corresponding mesh surface. 

Legends showing the value ranges for the corresponding color encoding can be toggled for both blood 
and wall. The legends can be moved when they are visible by dragging them with the left mouse button 
pressed. 

The demo version of MEDVIS 3D and the demo data for this tutorial can be obtained from 
www.medvis3d.at. If you have any further questions or if you need information on the licensing of our 
software please contact us at info@medvis3d.at or +43 7236 3343 672. 

Show wall displacement and have a look inside 
the vessel with the clipping function 
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