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Abstract

The impact of thoracic endovascular aortic repair (TEVAR) on the dynamic aortic environment
remains unclear. In fact the introduction of a rigid metallic stent-graft into an elastic vessel
exposed to high dynamic and cyclic loads can produce variation in the usual behaviour of the
aorta and such a behaviour deserves to be investigated in a deep and exhaustive manner.

The aim of this thesis is therefore to supply an automatic tool, tailored on the thoracic aorta, to
segment and geometrically analyse the vessel, trying to deepen the knowledge in the field of aortic
dynamic changes particularly in the presence of thoracic aortic pathologies treated with TEVAR.
The workflow to achieve our goal is mainly composed by three subsequent steps: segmentation,
automatic identification of section of interest, and vessel geometric quantification through the
computation of static and dynamic measures.

In detail chapter one will introduce the anatomy and the physiology of the thoracic aorta along
with the main aortic pathologies and the recent surgical treatments.

Chapter two will focus on providing a summary of the literature concerning the morphological
characterization of vascular networks exploiting both static and dynamic medical images.

Chapter three will describe the implemented pipeline used to pre-process and segment the
images of our target dataset made up of 4D-CTA computed tomographic angiography of the
thoracic aorta pre- and post-TEVAR. The method is based on a custom modification of the level
set method and the colliding front initialisation, in order to let the thoracic aorta be segmented
in one goal.

Chapter four is the core of this work and it describes the automatic tool to geometrically
quantify the aortic dynamic changes. Sections and regions of particular clinical interest are auto-
matically identified exploiting the concept of centerline and quantitative indexes related to sections
and regions of interest such as: area, diameter and length are computed, these geometrical quan-
tities are tracked to analyse the changes experienced by the aorta during an entire hearth cycle.

Chapter five shows the results obtained using the automatic tool on two type of dataset one
composed of aneurysmatic patients and the other composed of dissected patients plus a healthy

control case.
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Appendix A contains a side work, the aim of this work is to reproduce a virtual TEVAR
procedure based on pre-operative images and to validate this procedure through a computational
fluid dynamics study.

Appendix B simply summarizes a series of definition of indexes used in the geometry quantifi-

cation approach.





































































1.1. Aorta anatomy, physiology and pathology
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Figure 1.2: The thoracic aorta. In this picture are emphasized the three supra-aortic
branches - i.e., the brachiocephalic trunk, the left common carotid artery, and left
subclavian artery. The figure shows also the coronary arteries (left and right coronary
arteries). Those arteries are responsible to carry the oxygenated blood to the heart.

Figure 1.3: The aortic root.

components to a tube graft that supplies support to the repaired sinotubular junction may also

correct aortic insufficiency from an aortic dissection.









6 1. INTRODUCTION
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Figure 1.5: Structural organization and composition of the three different layers in the
coronary vessel wall.

complex and heterogeneous structure. These pathological changes are associated with alterations
in the mechanical properties, which differ significantly from those of healthy arteries. Finally, it
is separated from the media by the internal elastic lamina, which is often considered to be part of

it.

1.2.2 The media

Tunica media is the middle and thickest layer of the artery, i.e, from 0.1 to 0.5mm, made of
smooth muscle cells, elastin and collagen immersed into an aqueous ground substance containing
proteoglycans, known as matrix. Such fibers are arranged in repetitive lamellar units separated by
thin fenestrated sheets of elastin, forming concentric medial layers. The thickness of such units is
nearly independent of the radial location across the wall, but their number decrease as the distance
from the heart increases, so that the lamellar units found absent in small muscular arteries. The
laminated structure confers high strength to the media and explains how such a layer determines
the mechanical properties of the whole vessel wall. In the media, collagen fibers are aligned along
the circumferential direction with a very little dispersion. This structural arrangement gives the
media the ability to carry loads in the circumferential direction. Apparently, the distribution
of collagen does not show changes in atherosclerotic arteries. The media is separated from the

adventitia by the external elastic lamina.
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Figure 1.6: In figure is depicted an example of aortic dissection of the descending
aorta. The picture highlights the entry tear, where the false lumen originates (left
side) and the formation of a false and a true lumen after dissection has developed. In
the false lumen the blood tends to clot as depicted in figure (right side).

Stanford classification’s popularity and success are based on simple and generally quite reliable
issues, as flaps are easily imaged. Stanford type A includes all dissections involving the ascending
aorta, regardless of site of origin or the location of the intimal tear. Stanford type B includes all
dissections not involving the ascending aorta

Type A patients are more likely to be younger than type B patients (average age, 60 years
versus 70 years) and have a predisposing congenital (bicuspid aortic valve), hereditary (Marfan
syndrome), or inflammatory (giant cell aortitis or Takayasu’s aortitis) condition. Type A patients

are less likely to have a history of hypertension than are type B patients (30% versus 71%).

Disease progression

The mortality related to AAD is a consequence of complications. Complications such as rupture,
tamponade, acute aortic insufficiency (AI), and myocardial ischemia confer hemodynamic insta-
bility, which remains the dominant predictor of untreated and surgical mortality. Early diagnosis
of and surgery for type A AAD is critical to avoid hemodynamic instability. Complications confer
high risk and must be identified to manage cases appropriately: proximal AAD with complications
must be considered for a hastened surgical repair; distal AAD cases with complications should be
considered for prompt surgical (and potentially endovascular) repair, rather than ongoing medi-

cal management. Rupture is a dreaded occurrence with any form of aortic dissection. As both
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Figure 1.7: The Stanford classification of aortic dissection. Stanford type A includes
aortic dissections that involve the ascending aorta (with or without involvement of
the transverse and descending thoracic aorta. Stanford type B includes aortic dissec-
tions that originate in the descending (and thoracoabdominal) aorta, regardless of any
retrograde involvement of the arch.

Figure 1.8: Type A AAD pathogenesis. The most common form of AAD originates in
the aortic root; typically, a tear develops 2 cm above the right cusp of the aortic valve
on the outside curvature of the aorta and allows entry of luminal blood into the wall,
with formation and propagation of a false lumen that cleaves between concentric layers
of elastin sheets, distally down to the aortic bifurcation, usually into the common iliac
artery. The intimal flap is typically very mobile.

Figure 1.9: Type B AAD pathogenesis. The second most common form of AAD
originates in the descending aorta; typically, a tear develops a few centimeters distal
to the left subclavian artery origin and allows entry of luminal blood into the wall, with
formation and propagation of a false lumen, usually down to the aortic bifurcation. The
false lumen typically extends retrograde only a few centimeters to the left subclavian
artery ostium. The intimal flap is typically very mobile.

proximal and distal dissection is likely to extend distally to the aorto-iliac bifurcation. Type A

(proximal) AAD is more likely to become complicated and exposes the heart to the development



