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Fascinating modelling of arteries and aneurysms
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Do you know that every year millions of people die because of stroke? Although we have very efficient diagnostic instruments like magnetic resonance (MR) or computed tomography (CT). These instruments help to cure a lot of people, but still the society has a problem with this disease.
Throughout the ages people havetriedto find a way how to prevent and cure people from diseases. Also recently the scientists and doctors have been doing researchfocused on e.g. cancer,ebola or stroke.Nevertheless,a great difference between the last and this century is a big expansion of computers and technology. The science knows this fact and tries to get new information with help the modern technologies.
What is aneurysm? And why don´t we generally operate it when it causes the type of stroke?
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The strokemay be caused by oxygen shortage (ischemic stroke) or by internal bleeding to brain (haemorrhage stroke). The main problem is late arrival to hospital, if any kind of strokesets in. Ischemic stroke is usually because of blood clot, so it cannotbe predicted. On the other hand haemorrhage stroke is usually caused by widened place in artery (aneurysm).The aneurysm grows graduallyfor the sake of the blood pressure.After some time, when the widening of artery is too big,the aneurysm bursts resulting in stroke and so neurons die, which causes dementia or death.This type of stroke is more predictable because of the progressive growth of aneurysm. 
There is a question: Is it good to remove aneurysm surgically from the vascular system as a precaution? I guess you may say “yes”.Nevertheless, you have to realize, that it is a forceful intervention in our organism. And what if the aneurysm does not grow so much to endanger us? In this case it is much better not to operate. 

There is a research, in which the scientists try to make models of arteries with aneurysms to obtain data about the connection between burst of aneurysm and parameters like blood pressure or blood speed.A great statistics have been released in the USA showing parameters from the whole world.Perhaps one day you will come to the doctor and he will be able to decide whetheryour aneurysm is dangerous or not - according to its models and parameters. It is fascinating, isn´t it?
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Maybe in the future: How will it work?
Modelling and simulations – major element for better future

The scientists have been trying to make models of arteries with aneurysms and to do simulations of blood parameters. Let´s see in detail how the models can be created and what types of simulations can be done.
At first you are probably interested in this question: How can scientists model a 3D model from snapshots from diagnostic instruments which are two-dimensional? 
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You should load the patient´s snapshots of the head to some special programme which hasa 3D window (bottom left window), where your model will be created (e.g. ITK-SNAP). In the other windows there are snapshots from differentsides.On the left side of the programme windowthere are tools for creating model.
You must find an artery which you want to model in one of the planes.
Then you mark the artery with a special tool.

And so you get a fragment of the model.

There are a lot of snapshots in one plane, so if you mark the artery with aneurysm in each plane you gradually get the final model of artery withaneurysm.
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So now you know how to create a 3D model from 2D snapshots. You can rotateit and see it from various sides.
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Maybe you think that the model is not very nice, it is rough. The scientists are aware of this fact therefore they ask mathematics for smoothing the model. It is not important for visual aspect, but mainly for bigger reality which is relevant for subsequent simulations and calculation of blood parameters. 
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It is really amazing to watch the simulations of blood parameters like a video. You can see changing parameters in time and it is really enrapturing. 
Let´s have a look at the pictures of simulations.In thispicturethere is a normal model of artery. 
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In the left picture there is a simulation of blood pressure. You can see that the biggest value of this parameter is in aneurysm (red colour). The blue colour always shows the smallest value of parameter.In the right picture there is a simulation of blood speed. The model is formed from a lot of arrows that show the direction of blood streaming. 

From these simulations data of parameters are obtained which are transformed to statistics.

Is the shape of model influenced by diagnostic instrument?
Finallythere is a little riddle for you. When you make a model of one artery from CT and MR snapshots, you get two models of one identical artery from two different diagnostic instruments. Try to have a guess: Are the models identical or not?
...

No, they arenot, but they are similar. See for example these two couples. In each couple there is the identical artery, but on the left from CT snapshots and on the right from MR snapshots. 
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In conclusion we find out that there are a lot of doctors that create models of arteries with aneurysms, which may be dangerous. They collaborate with mathematics on obtaining the data of blood parameters. The statistics of parameters enable the doctors to understand aneurysms better and better and perhaps one day there will not be problems with them.
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There are varioustypesofaneurysms





At thedoctorsyourheadwillbescreaned in CT or MR





Thenyoursnapshotswillbeloadedto a specialprogrammeand thenthe arterie withaneurysmwillbemodeled





The model willbemodified by mathematicsforbigger reality. Thenwiththehelpofsimulationsthe data ofbloodspeed orpressurewillbeobtained and sent to doctor





Shearstress: 180








Thedoctortheninputsthe data in someprogramme, whichwillhavebeencreatedthen.











Pressure: 125





Speed: 250





Aneurysmis not dangerous





Aneurysmisdangerous





Using data and statisticstheprogrammewillshowiftheaneurysmisdangerousforyourwholelifeor not.





Itisnicer model, isn´tit?
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