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Introduction

Cerebral aneurysm or intracranial aneurysm is the abnormal dilatation of the blood
vessel in a saccular form [1]. It may originate in congenital defects, weakening of
the arterial wall with increasing age [2], atherosclerotic changes, trauma and
infectious emboli. Other factors may be related to the onset of the aneurysm, such
as hypertension, smoking, and excessive alcohol use. It is estimated that intracranial
aneurysm occurs in 2.6% of the population and the cause of 85% of subarachnoid
hemorrhage is the rupture of a saccular intracranial aneurysm [3].

In vivo experimental methods are an effective way to validate new practices and
techniques for diseases such as the aneurysm, but in addition to ethical issues, these
kinds of experiments are expensive and have low reproductively [4]. Thus, in order
to better understand the pathophysiological and geometric aspects of an aneurysm,
it is important to manufacture in vitro models to improve existing endovascular
treatments and to develop and validate theoretical and computational models [5-6].

Recently Pinho et al developed a model with geometry and dimensions based on
clinical data of a common saccular intracranial aneurism. The model was fabricated
with the help of a 3D printer and produced with the polydimethylsiloxane (PDMS)
which is a biocompatible material [7]. The PDMS has an elastic behavior similar to
arteries [8] and with numerous applications in biomedical [9-12]. The model was
subsequently subjected to different experimental tests and numerical simulations [2,
13].

In order to improve the existing model, in this work we propose a novel process of
manufacturing a cerebral aneurysm biomodel obtained through an angiography. The
image was processed by means of the Scanlp software and the mould was obtained
by a three-dimensional printing process (TDP) combined with a PDMS gravity
casting process. The biomodel fabricated in this work allows the performance of
different hemodynamic studies, test different aneurysm repair technique and
validate numerical approaches.



Manufacturing process

The first process used to obtain the biomodel of the cerebral aneurysm was the
angiography of the anatomical zone where the aneurysm is located. For the image
treatment, it was performed the segmentation of the image with the objective to
isolate the internal carotid artery from the others structures presented in the imaging
examination.

The software used was Scanlp, which read and import the angiography images,
translating to DICOM (Digital Imaging and Communications in Medicine) format,
allowing the visualization of the 3D image. In order to isolate the structure of
interest, we used the technique of binarization (Thresholding) and the thickness of
the layer (Thickness layer) was 0.0889. Note that, it was the smallest available
thickness and as a result it was obtained the best possible precision. In Fig. 1 we can
visualize the image after this treatment step.
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Fig. 1 Mask image processing step.

Finally, a mask was applied to the aneurysm and its arteries. After this procedure
the images were converted to stl format. The 3D model has been converted to sli.
(slice) to be laminated into thin slices parallel to each other and perpendicular to the
Z axis. The file was generated and sent to the three-dimensional printer.
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Fig. 2 Final model of the aneurysm

Rapid prototyping

Rapid Prototyping (RP) is a technology that builds physical structures layer by layer
from a virtual model, these structures can be made of various materials and for a
range of applications. This technology was initially developed for the
manufacturing industry, designing components for automobiles, aircraft and
computers. Rapid prototyping was first used in the field of medicine in 1990 when
a model of cranial bone anatomy was produced demonstrating complete internal
details with computed tomography image data [14]. At the present moment,
industrial and academic interest in three-dimensional (3D) prints has grown and 3D-
printed products have been gaining space in pre-surgical planning and operative use
[15].

In this work, this technology was used to generate the physical model of the
aneurysm. For this, we used the 3D ProJet 1200 printer, this printer prints in wax,
and it is possible to achieve a good finish.

In vitro PDMS bio model

With the finished wax physical model, we prepared 10:1 PDMS, i.e., 10 grams of
the base polymer correspond to 1 gram of the curing agent. After, performing the
mixture, it was used a vacuum pump for remove the bubbles and subsequently
poured into the mold by means of a gravity casting process. The curing process was
performed at room temperature for about 24 hours. At the end, the wax was
carefully removed from the mold.



Fig. 3 Biomodel in PDMS with internal form of a cerebral aneurism

Conclusions

One of the major difficulties affecting the long-term success of aneurysm repair is
the migration of the graft (stent), which may generate internal leakage and even
rupture. To avoid this phenomenon and other problems related to the aneurysm
treatment, there is the need to perform different kinds of tests, in order to improve
techniques and materials, which is very difficult to be carried out in vivo due to the
difficulty related to the organs authorization, high costs and reproducibility. The
low cost of the in vitro model manufacturing process proposed in this study aims to
help and simplify the test of aneurysms. This process is a simple method able to
replicate different configurations of aneurysms, which can be used not only for
medical and preoperative diagnosis but also to perform in vitro flow experiments to
validate and improve existent numerical models.
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