
           

 

 
 

 
Memòria justificativa de recerca de les convocatòries BCC, BE, BP, CTP-
AIRE, INEFC i PIV 
 
La memòria justificativa consta de les dues parts que venen a continuació: 
1.- Dades bàsiques i resums 
2.- Memòria del treball (informe científic) 
 
Tots els camps són obligatoris 
 
1.- Dades bàsiques i resums 
 
Nom de la convocatòria 
BP             
 
Llegenda per a les convocatòries: 
BCC Convocatòria de beques per a joves membres de comunitats catalanes a l'exterior  
BE Beques per a estades per a la recerca fora de Catalunya  
BP Convocatòria d'ajuts postdoctorals dins del programa Beatriu de Pinós 
CTP-AIRE Ajuts per accions de cooperació en el marc de la comunitat de treball dels Pirineus. 

Ajuts de mobilitat de personal investigador. 
INEFC Beques predoctorals i de col·laboració, dins de l'àmbit de l'educació física i l'esport i les ciències 

aplicades a l'esport 
PIV Beques de recerca per a professors i investigadors visitants a Catalunya 

 
 

Títol del projecte: ha de sintetitzar la temàtica científica del vostre document.  
Mophological analysis of the human vasculature from medical imaging. Application to cerebral and coranary arteries.  
 

Dades de l'investigador o beneficiari 
Nom 
Rubén  

Cognoms 
Cárdenes Almeida 

Correu electrònic 
rubencardenes@upf.edu 

Dades del centre d’origen  
Universitat Pompeu Fabra, Departament de Tecnologies de la Informació i les Comunicacions 

Número d’expedient  
      
Paraules clau: cal que esmenteu cinc conceptes que defineixin el contingut de la vostra memòria. 
Vascular analysis, vessel modeling, cerebral aneurysms, coronary arteries 

Data de presentació de la justificació  
      



           

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nom i cognoms i signatura  Vist i plau del/de la  responsable de la  
del/de la investigador/a                                                                       sol·licitud 
Resum del projecte: cal adjuntar dos resums del document, l'un en anglès i l'altre en la llengua del document, on 
s'esmenti la durada de l'acció 



           

 
 

Resum en la llengua del projecte (màxim 300 paraules) 
In this project, we have investigated new ways of modelling and analysis of human vasculature from medical 
images. The research was divided in two main areas: cerebral vasculature analysis and coronary arteries 
modeling.  
 
Regarding cerebral vasculature analysis, we have studed cerebral aneurysms, internal carotid and the Circle of 
Willis (CoW). Aneurysms are abnormal vessel enlargements that can rupture causing important cerebral damages 
or death. The understanding of this pathology, together with its virtual treatment, and image diagnosis and 
prognosis, includes identification and detailed measurement of the aneurysms. In this context, we have proposed 
two automatic aneurysm isolation method, to separate the abnormal part of the vessel from the healthy part, to 
homogenize and speed-up the processing pipeline usually employed to study this pathology, [Cardenes2011TMI, 
Larrabide2011MedPhys]. The results obtained from both methods have been also compared and validatied in 
[Cardenes2012MBEC]. A second important task here the analysis of the internal carotid [Bogunovic2011Media] 
and the automatic labelling of the CoW, [Bogunovic2011MICCAI, Bogunovic2012TMI].  
 
The second area of research covers the study of coronary arteries, specially coronary bifurcations because there is 
where the formation of atherosclerotic plaque is more common, and where the intervention is more challenging. 
Therefore, we proposed a novel modelling method from Computed Tomography Angiography (CTA) images, 
combined with Conventional Coronary Angiography (CCA), to obtain realistic vascular models of coronary 
bifurcations, presented in [Cardenes2011MICCAI], and fully validated including phantom experiments in 
[Cardene2013MedPhys]. The realistic models obtained from this method are being used to simulate stenting 
procedures, and to investigate the hemodynamic variables in coronary bifurcations in the works submitted in 
[Morlachi2012, Chiastra2012].  Additionally, another preliminary work has been done to reconstruct the coronary 
tree from rotational angiography, and  published in [Cardenes2012ISBI].  
 
 

Resum en anglès (màxim 300 paraules) 
Summary already in english above.  

 
 



           

 
 

Resum en anglès (màxim 300 paraules) – continuació -. 
 

 
 
 
 
2.- Memòria del treball (informe científic sense limitació de paraules). Pot incloure altres fitxers de 
qualsevol mena, no més grans de 10 MB cadascun d’ells. 
 
 

1. Objectives accomplished 
 
The objectives accomplished during this project are then divided into two main sections. The first one is 
focused on the morphological analysis of the cerebral vasculature, where there are two different parts: 
isolation techniques of cerebral aneurysms, and a second one dealing with the characterization of 
cerebral vessels, mainly the internal carotid artery and the automatic labelling of the Circle of Willis 
(CoW). The second section of this work is focused on the geometrical modelling of coronary 
vasculature, that has also two sections: one related to modelling of coronary artery bifurcations from 
CTA and CCA, and a second one related to reconstruction of coronary arteries from 3D rotational 
angiography.  
 
The tasks described here corresponds to the period between Dec 1st 2010 and Nov 31st 2012, and are 
within the framework of research projects developed in the CISTIB laboratory at DTIC department at 
Universitat Pompeu Fabra (UPF). Issues such as data acquisition, data storage, ethical issues and 
patient consents are not considered in this document, since they have been already addressed in the 
context of those projects.  
 
As a result of this research, in terms of scientific publications, we have a total of 6 journal papers and 3 
international conferences, plus 3 journal papers that are currently being reviewed. From those papers, 
the researcher holding this grant is first author in 5, and co-author in the rest. These published and 
submitted papers are also attached to this report.  
 
As we will detail below, the research tasks done during this project have been slightly modified from the 



           

 
 

ones described in the original proposal, to include the second area of the study of 
coronary arteries, due to the importance of this topic. 

 

2. Morphological analysis of cerebral vasculature 
 

2.1. Cerebral aneurysm isolation techniques 
 
Intracranial cerebral aneurysms are dilations of the vascular wall occurring on the brain vasculature 
whose rupture leads to hemorrhagic stroke, having a prevalence around 2%–5% of the entire population 
[Rinkel1998]. Although only 1% of all the aneurysms will rupture, producing subarachnoid hemorrhage, 
the consequences are extremely severe, leading to high mortality and morbidity rates [Brisman2006], 
[Huang2002]. Given the important consequences of this pathological vessel enlargements, detailed 
studies of its causes and specially of the probability of rupture when they are detected, have been 
performed [Dhar2008, Utter2007, Beck2006, Cebral2005]. For this reason, hemodynamic [Sforza2009], 
morphological [Raghavan2005] and more recently, morphodynamics studies [Zhang2009] are still being 
carried out to better understand aneurysm formation, growth and rupture. 

Automatic computation of geometric features is becoming a routine procedure for the analysis and 
treatment planning of intracranial aneurysms. This is especially important due to the large data sets 
used in clinical practice, and also because manual processing of these data sets is extremely time 
consuming and introduces a high variability in the processed results. One of the main challenges to 
obtain a fully automatic characterization of intracranial aneurysms, is their detection and subsequent 
isolation, once a segmentation is already available. Using an automatic method to separate the 
aneurysm sac from the vessel is especially important, because then, the morphological characterization 
of aneurysms can be done consistently across different individuals avoiding inter- and intra-observer 
variability. The relevance of this topic can be appreciated from many studies aiming at estimating the 
risk of rupture of cerebral aneurysms from morphological analysis. 

 
Therefore, to better quantify morphologically aneurysms, we have developed two new techniques to 
separate the dome of saccular aneurysms from the parent vessels. The first one, published in 
[Cardenes2011TMI], assumes that the aneurysm dome is a one hole cavity, separated from the feeding 
arteries by a smooth closed curve that is minimum in length and that separates the aneurysm dome 
from the parent arteries. Based on this, our method identifies the curve that separates the dome from 
the parent arteries, independently of the parent vessel configurations. To assure a topologically correct 
solution, i.e., a dome with only one hole, we will constrain the search of the dome to a region of interest 
defined as a surface Voronoi region, generated from the centerline branches. An example of one result 
on a model obtained from a patient can be seen in Fig. 1. 

 



           

 
 

Fig. 1. Isolation techniques results on a vascular model from a patient. Left: surface 
gradient field used to obtain the aneurysm neck curve (white spheres). Right: isolated 
aneurysm dome (green) obtained from [Cardenes2011TMI].  

A second isolation technique published in [Larrabide2011MedPhys], is based on a different strategy. 
The aneurysm dome is detected assuming that parent vessels are tubular structures, and aneurysms 
will be identified as abnormal geometrical parts that don’t follow a tubular pattern. Essentially, this 
method detect the aneurysm dome as the vessel boundary that is not touched by the expansion of 
tubular models (simplex models), placed automatically in the parent vessels.  

Finally, the two isolation methods have been compared in a data set of 26 patients, using manual 
annotations and delineations from clinicians and medical imaging experts. This work has been 
published in [Cardenes2012MBEC], where we show that a proper combination of the two methods 
achieves a more accurate solutions than each method separately, comparing with manual delineations. 
This combined method is based on a simple criteria, that consists in applying the method in 
[Cardenes2011TMI] for lateral aneurysms and the method in [Larrabide2011MedPhys] for terminal or 
bifurcation aneurysms.  

2.2. Study of the internal carotid artery and Circle of Willis vessels 
 
The geometry of the carotid siphon has a large variability between subjects, which has prompted its 
study as a potential geometric risk factor for the onset of vascular pathologies on and off the internal 
carotid artery (ICA). In the work [Bogunovic2011], submitted for journal publication and under major 
revision, we present a methodology for an objective and extensive geometric characterization of the 
carotid siphon parameterized by a set of anatomical landmarks. We introduce a complete and 
automated characterization pipeline. Starting from the segmentation of vasculature from angiographic 
image and its centerline extraction, we first identify ICA by characterizing vessel tree bifurcations and 
training a support vector machine classifier to detect ICA terminal bifurcation. On ICA centerline curve, 
we detect anatomical landmarks of carotid siphon by modeling it as a sequence of four bends and 
selecting their centers and interfaces between them. Bends are detected from the trajectory of the 
curvature vector expressed in the parallel transport frame of the curve. Finally, using the detected 
landmarks, we characterize the geometry in two complementary ways. First, with a set of local and 
global geometric features, known to affect hemodynamics. Second, using large deformation 
diffeomorphic metric mapping (LDDMM) to quantify pairwise shape similarity. We processed 96 images 
acquired with 3D rotational angiography. ICA identification had a cross-validation success rate of 99%. 
Automated landmarking was validated by computing limits of agreement with the gold standard taken to 
be the locations of the manually placed landmarks averaged across multiple observers. For all but one 
landmark, either the bias was not statistically significant or the variability was within 50% of the inter-
observer one. The subsequently computed values of geometric features and LDDMM were 
commensurate to the ones obtained with manual landmarking. The characterization based on pair-wise 
LDDMM proved better in separating the carotid siphon shape classes than the one based on geometric 
features. The proposed characterization provides a rich description of geometry and is ready to be 
applied in the search for the geometric risk factors of the carotid siphon. 

 
The Circle of Willis (CoW) is a ring of cerebral vessels that connects the two halves of the anterior 
circulation with the posterior one and its bifurcations are a common site of aneurysm formation. 
Analyzing the statistical variation of characteristics of these vessels and bifurcations is of great interest 
as it can lead to the identification of geometric risk factors for the onset of vascular pathologies. Two 
important operations required for comparing and registering the vasculature between subjects are 
landmark matching and anatomical labeling. These are tedious and time consuming tasks to be 
performed manually. Thus, automating them becomes crucial for processing large number of cases. In 
this work, we present a method for robust classification of bifurcations in a vascular tree, which we 
applied to the task of anatomically labeling the anterior part of the CoW. The anterior part is formed by 
the three main vessels: internal carotid artery (ICA), middle cerebral artery (MCA) and anterior cerebral 



           

 
 

artery (ACA). Statistically, 80% of the aneurysms occur along these vessels. In 
particular, we are interested in anatomical labelling of the following five bifurcations 

and the vessels connecting them. The bifurcations of ICA with ophthalmic artery (OA), posterior 
communicating artery (PcoA), anterior choroidal artery (AchA) and the terminal ICA bifurcation, plus the 
principal bifurcation of MCA, which divides the MCA-M1 and MCA-M2 segments. 

In the work published in [Bogunovic2011MICCAI], we have presented a method for anatomical labelling 
of vessels forming anterior part of the CoW by detecting these five main vessel bifurcations. The 
method is first trained on a set of pre-labelled examples, where it learns local bifurcation features as 
well as global variation in the anatomy of the extracted vascular trees. Then the labelling of the target 
vascular tree is formulated as maximum a posteriori solution where the classifications of individual 
bifurcations are regularized by the prior learned knowledge of the tree they span. The method was 
evaluated by cross-validation on 30 subjects, which showed the vascular trees were correctly 
anatomically labelled in 90% of cases. The proposed method can naturally handle anatomical variations 
and is shown to be suitable for labelling arterial segments of CoW. This method has been extended to 
the full CoW in [BogunovicTMI2012], including reference graphs, to account for the main anatomical 
variations that can appear. In Fig. 2, the results obtained from the automatic classification of a vascular 
model of the anterior part of the CoW is shown in the left, and a classification obtained from one case in 
the complete CoW is shown in the right. Each identified vessel is represented in a different color.  

 
Fig. 2. Results obtained for the labelling of anatomical vessels in the anterior part of the CoW (left) and in 
the complete CoW (right)  

 

3. Geometrical modelling of the coronary vasculature 
 
Coronary Heart Disease (CHD) is the main cause of death in the developed countries. In particular, 
Coronary artery disease (CAD) is the most common cause of CHD. In the USA alone, during 2006 there 
were 16,800,000 persons with CAD. With regard to its treatment, approximately 70% of CAD patients 
are treated using Percutaneous Coronary Interventions (PCI) in the UK in 2008. Such interventions can 
be classified as elective (~30%), urgent (~40%) and emergency (~30%). The most common PCIs are 
angioplasty and stenting: an interventional radiologist or a vascular surgeon will percutaneously insert 
wires and catheters to cross a stenosed artery. The balloon-tipped catheter is used to open the artery 
(angioplasty) followed in many cases by the use of a vascular stent (stenting). The stent is a small wire 
mesh tube which is permanently placed in the newly opened artery. The angioplasty procedure disrupts 
the artheromatous blockage and increases the luminal diameter of the vessel.  In some cases the 
vessel does not remain open after angioplasty alone and the stent is then used to hold the vessel open 
as a rescue procedure. In other cases stents are used as a primary treatment with the aim of improving 
long-term patency of the treated segment. Quite often, patients receive multiple vessel treatment (40% 
of the cases) for having multiple lesions (32% of the cases) along the coronary tree. Stents are used 
92% of the times and in average 1.53 stents are used per PCI. For most of these cases, Coronary 
Angiography (CA) imaging, and Computer Tomography Angiography (CTA), stress tests and in some 



           

 
 

cases, rotational CA (3DCA), are used to diagnose CAD. We envision that 
improving our understanding of the impact of coronary artery lesions and their 

selective treatment with PCI in the middle term will have great impact in its clinical outcome. 
 
In the tasks developed during this project, we have focused on the generation of personalized vascular 
geometric models around lesions locations, and particularly in artery bifurcations where there is more 
controversy among cardio-interventionists about the treatment to be applied. Here, the study of the 
results of PCI treatment in different patients with accurate image based modelling, will give measures of 
the success of different treatments. Cardiovascular modelling has become a hot research topic and it 
has been addressed with different objectives, as shown by the projects previously funded by the EC 
under FP6 and FP7. The tools and models obtained from this research allow the creation of 
personalized geometrical vascular models for treatment selection and planning, post-operative 
assessment and long-term patient follow-up. 
 
In recent years, the number of patients undergoing PCI has increased due to the introduction of new 
devices (first, bare-metal stents and, in the last 8 years, drug eluting stents – BMS and DES, 
respectively). Still, the long term effects of treatments with such devices are hard to predict. Additionally, 
in the case of multiple vessel disease, determining the appropriate stenting methodology (e.g. 
determining which lesion to treat, etc.) is not trivial. Moreover, late complications can occur. In this 
context, determining which lesions to treat, risk of late complications (in stent thrombosis, re-stenosis) 
and the most appropriate treatment for each lesion is a critical yet difficult task. This is a determining 
factor for the long term wellbeing of the patient.  
 
On the other hand, in a normal intervention many different angiographic images are acquired. In this 
regard, our objective is to make the most profit out of the images acquired during the intervention (CA 
and 3DCA), together with other acquisitions such as CTA, to recover patient-specific anatomy of the 
affected coronary tree, to study the atherosclerotic plaque shifting and stent deployment.  
 
A clear potential application of the results provided by this work is the simulation of endovascular 
procedures to evaluate the performance of different stenting techniques, and the performance of 
Computational Fluid Dynamic simulations that can be used to derive synthetic FFRs and computational 
values can be compared to those acquired during the intervention. This will allow understanding which 
types of lesions (by location, degree of occlusion, acuteness, etc.) are significant based on peri-
interventional imaging. The integration of this information will provide a deeper and better understanding 
of the short, medium and long term effect of PCI treatment in different scenarios.  
 

3.1. Image filtering and 2D processing 
 

Noise reduction of the acquired images (CTA, 3DCA), is an important issue because it will impact the 
rest of the methodology. Filtering techniques such as anisotropic filtering [Weickert1998] need to be 
taken into consideration in order to reduce noise and enhance borders trying to avoid the reduction of 
important image features. Other specialized filters to enhance vascular structures are also important in 
our case, such as the multi-scale approach described in [Frangi98], or the vessel enhancing filtering 
described in [Manniesing2006]. These techniques have been used to remove non relevant structures 
and to emphasize vessels for further processing. In Fig. 3, an example of the application of [Frangi1998] 
filter is shown.  



           

 
 

 

Fig. 3. 2D angiographic images, before (left) and after (right) the application of the vessel enhancement 
filtering proposed in [Frangi1998].  

3.2. Coronary artery bifurcations modelling from CTA and CCA images 
 

Coronary artery bifurcations are places where atherosclerotic plaque formation occurs more frequently, 
and are challenging vascular regions for percutaneous treatment. Among the treatment techniques 
described for bifurcations, the one more appropriate for an individual case is still cause of controversy 
among endovascular interventionists. If a realistic 3D geometry of the bifurcation before and after 
treatment is available, a detailed analysis of the vascular morphology and its changes could respond to 
questions such as the level of success of the treatment employed or, in a large population study, what 
are the techniques more suitable for specific morphologies and locations. Also, computational fluid 
dynamics studies could be carried out using these geometries, and the study of the changes in 
hemodynamic parameters, could reveal regions of high risk of re-stenosis. 

Several approaches have been proposed to obtain accurate segmentations of coronary arteries. 
However, most of them are based on information about only one image modality, usually computer 
tomography angiography (CTA) (see Fig 4), and conventional coronary angiography (CCA) (see Fig. 5) 
is not commonly used. In the work developed here [Cardenes2011MICCAI, Cardenes2013MedPhys], 
we have proposed the combination of these two modalities, taking advantage of each one to overcome 
the limitations of the other. Therefore, realistic 3D bifurcation geometries can be obtained using routine 
acquisition imaging modalities, with a semiautomatic method that provides the pre and post operative 
models of the vessels. This is, as far as we know, the first time that these two modalities are combined 
for reconstruction of coronary artery bifurcations. 
 

 



           

 
 

Fig. 4. Right (red) and left (green) coronary arteries obtained after interactive 
segmentation from CTA images, and visualized with other heart structures. 

 

 

Fig. 5.  2D coronary angiographies showing a stenosis in a bifurcation, pre stenting image, (left), and the 
result after the PCI, post stenting image, (right). 

 
The method proposed consists of three steps. First, the 3D structure of the bifurcation is obtained from 
CTA pre operative data using a ridge extraction method followed by a fast marching (FM) approach. 
After that, CCA images obtained before and after endovascular treatment are processed to obtain the 
vessel radii along the vessel centerlines, and finally, the models are constructed mapping the vessel 
radii to the 3D structure. An illustration of the models obtained for 5 different patients with the CCA and 
CTA images used can be seen in Fig. 6. 
 

 

Fig. 6. Detail of the CCAs used (top row), corresponding bifurcation plane from the CTA with manual 
segmentation (red), pre (yellow) and post operative (green) outlines overlaid (middle row), and 3D 
bifurcation models (bottom row); in yellow and green the pre and post operative models respectively 



           

 
 

To validate the technique proposed, we performed an experiment using a heart 
phantom with plastic tubes mimicking the coronary vessels around it, whose 

geometry was accurately measured beforehand. The phantom was imaged using CTA and CCA, using 
similar characteristics as the ones used for real patients. The results obtained from the models 
obtained, showed that in the averagfe error obtained was lower of 0.1 mm, for vessel radius of 1.75 mm, 
even when the acquisition plane of CCA varies  from 0 to 15 degrees. A snapshot of the phantom used 
is shown in figure 7.  

 

Fig. 7. Phantom used for the experiment, with tube centerlines and ground truth models overlaid, (a); 
angiography image at 0◦, (b); 3D volume rendering of the CT data, (c); CT slice with tube segmentation 
overlaid, (d).  

Finally, the realistic models obtained can be used to perform simulations on real data that were not 
possible before. Two type of works have been performed in this direction. The first one is an 
endovascular stenting simulation, using the virtual stent devices of the same sizes and shapes as the 
ones used in real patients, and using the models obtained with our methodology. This work, submitted 
in [Morlacchi2012] shows two cases, reproducing the straightening of the vessel after stent 
implantation and computing the stress of te devices after the ballon expansion. This work is important 
to evaluate the outcome of different techniques being used in coronary bifurcations and demonstrate 
the feaseability of this type of simulations. A second simulation study was performed to estimate 
hemodynamic parameters in the bifurcations, using computational fluid dynamics, [Chiastra2012]. In 
this work important hemodynamic variables such as wall shear stress, presures, and velocities, are 
computed. These values play an important role due to its connection to plaque formation, and can be 
really valuable in the prefiction of re-stenosis of the treated bifurcation, that is one of the main 
problems in this type of procedures.  

3.3. 3D Reconstruction from 3DCA 
 
A second approach to obtain 3D representations of the vascular tree is the reconstruction of the 
coronary arteries from the 3D X-ray rotational angiography (3DCA). The main difficulty of this modality is 
how to compensate the heart motion (and respiratory motion) existing during the acquisition process. In 
our case, and as shown in Fig. 8 (left) the 3D structure will be obtained by matching of the rays from two 
different projections on the same cardiac phase. As they do not have to correspond, due to inexact 
phase correspondences, acyclic heart rate, respiratory motion, etc, a matching criterion is used to find 



           

 
 

the best correspondence between bundles or rays coming from the same branch. In 
this approach, topological restrictions are included, using prior knowledge, such as 

connectivity, binary tree formation, and angle restrictions on the bifurcations. Finally, the model in one 
cardiac phase can be obtained estimating the vessel radius from the original projections. We show one 
result in Fig. 8 (right) where the vessels are coloured by radius size, from blue (larger values) to red 
(smaller values).  

The final objective will be to obtain a full time sequence of the coronary tree, using information of all the 
projections provided by the 3DCA. This will give enough information to do, more robust analysis of the 
hemodynamic changes in the future, and it will also provide a way to describe the geometric changes of 
coronary vasculature during the cardiac cycle, which could be used to identify other pathologies. This 
works has been submitted for conference publication [Cardenes2011ISBI2]. 

 

 

 

 

 

 

Fig. 8. Centerline points corresponding to left coronary vessels and rays coming from the same segment 
on two different projections (left), and model obtained after radius estimation and coloured by radius size 
(right). Data from a real patient, extracted from [Cardenes2011ISBI].  

4. Modifications from the initial proposal 
 

The research proposed initially for this grant was planned to deal with geometrical modelling of cerebral 
vasculature, and in particular it was mainly focused on the analysis of the CoW. This main research task 
has been achieved with works carried out on quantification of cerebral aneurysms, and characterization 
of cerebral vessels: internal carotid artery and labelling of the anterior part of the CoW as we havel 
summarized in the previous sections. However, a new research line related to modelling and 
reconstruction of coronary arteries has been added due to several reasons. Coronary artery modelling 
is a very relevant topic, due to the prevalence of coronary artery disease, and we have envisioned the 
impact of novel studies in the analysis of intravascular interventions in bifurcations lesions. Additionally, 
the increasing use in the clinical practice of new imaging modalities such as coronary rotational 
angiography, allows the generation of dynamic models of the coronary tree, and therefore, new 



           

 
 

techniques to deal with this modality have been investigated. Also, these tasks 
where necessary to meet the requirements of the research projects being 

developed in CISTIB.  
 

5. References  
 
.  
 [Cardenes2011MICCAI] Cárdenes, R., Díez, J. L., Larrabide, I., Bogunović, H., & Frangi, A. F. (2011). 3D 

modeling of coronary artery bifurcations from CTA and conventional coronary angiography. Medical image 
computing and computer-assisted intervention : MICCAI International Conference on Medical Image 
Computing and Computer-Assisted Intervention (Vol. 14, pp. 395-402).  

[Cardenes2011TMI] Cardenes, R., Pozo, J. M., Bogunovic, H., Larrabide, I., & Frangi, A. F. (2011). “Automatic 
aneurysm neck detection using surface voronoi diagrams”. IEEE transactions on medical imaging, Vol. 
30(10), 1863-76.  

[Cardenes2012ISBI] R. Cárdenes, A. Novikov, J. Gunn, R. Hose, A.F. Frangi, “3D reconstruction of coronary 
arteries from rotational X-ray Angiography”. International Symposium on biomedical Imaging ISBI 2012. 
Barcelona, Spain, pp 618-621., 2-5 May 2012. 

[Cardenes2012MBEC] R. Cárdenes, I. Larrabide, L. San Roman, A.F. Frangi, “Performance assessment of 
isolation methods for geometrical cerebral aneurysm analysis” Med & Biological Eng & Comput. 2012, 
(acepted). 

[Cardenes2011MedPhys] R. Cárdenes, J.L. Díez, N. Duchateau, A. Phasaei, A.F. Frangi, “Model Generation of 
Coronary Artery Bifurcations from CTA and Single Plane Angiography”, Medical Physics, 2012. Acepted.  

[Larrabide2011MedPhys] Larrabide, I., Cruz Villa-Uriol, M., Cárdenes, R., Pozo, J. M., Macho, J., San Roman, L., 
Blasco, J., et al. (2011). Three-dimensional morphological analysis of intracranial aneurysms: a fully 
automated method for aneurysm sac isolation and quantification. Medical physics, 38(5), 2439-49.  

[Larrabide2012CPMB] I. Larrabide, M. Villa-Uriol, R. Cárdenes, V. Barbarito, L. Carotenuto, A.J. Geers, H.G. 
Morales, J.M. Pozo, M.D. Mazzeo, H. Bogunovic, P.Omedas, C. Ricobenne, J.M. Macho, A.F. Frangi, 
"AngioLab a software tool for morphological analysis and endovascular treatment planning of cerebral 
aneurysms", Comput Meth Prog Bio. Vol 108, Issue 2, pp 806-819, Nov 2012. 

[Bogunovic2011MICCAI] Bogunović, H., Pozo, J. M., Cárdenes, R., & Frangi, A. F. (2011). Anatomical labeling of 
the anterior circulation of the Circle of Willis using maximum a posteriori classification. Medical image 
computing and computer-assisted intervention : MICCAI International Conference on Medical Image 
Computing and Computer-Assisted Intervention (Vol. 14, pp. 330-7).  

[Bogunovic2011Media] H. Bogunovic, J.M. Pozo, R. Cárdenes, M.C. Villa-Uriol, R Blanc, M. Piotin, A.F. Frangi. 
Automated Landmarking and Geometric Characterization of the Carotid Siphon. Med. Image Anal. 2011. , 
Vol 16 issue 4, pp 889-903, May 2012. 

[Bogunovic2012TMI] H. Bogunovic, J.M. Pozo, R. Cárdenes, L. San Román, and A.F. Frangi. “Anatomical 
Labeling of the Circle of Willis using Maximum A Posteriori Estimation”, IEEE Trans. Med Imaging, 2012. 
ISSN: 0278-0062. (IF: 3,643. Q1, Pos: 4/99). (under review). 

[Morlacchi2012] S. Morlacchi, S.G. Colleoni, R. Cárdenes, C. Chiastra, J.L. Diez, I.. Larrabide, F. Migliavacca 
“Patient-specific simulations of stenting procedures in coronary bifurcations: two clinical cases”,. Medical 
Engineering & Physics. ISSN: 1350-4533, (IF: 1.623, Q3, Pos: 38/72) (under review). 

[Chiastra2012] C. Chiastra, S. Morlacchi, D. Gallo, U. Morbiducci, R. Cárdenes, I. Larrabide, F. Migliavacca, 
“Computational fluid dynamic simulations of patient-specific stented coronary bifurcations”. Interface Focus 
(under review).  

 
 


	Memòria justificativa de recerca de les convocatòries BCC, BE, BP, CTP-AIRE, INEFC i PIV
	Cognoms
	Cárdenes Almeida
	Correu electrònic
	Dades del centre d’origen 
	Número d’expedient 
	     
	Paraules clau: cal que esmenteu cinc conceptes que defineixin el contingut de la vostra memòria.
	Data de presentació de la justificació 
	     
	Resum del projecte: cal adjuntar dos resums del document, l'un en anglès i l'altre en la llengua del document, on s'esmenti la durada de l'acció
	Resum en la llengua del projecte (màxim 300 paraules)
	Resum en anglès (màxim 300 paraules)
	Resum en anglès (màxim 300 paraules) – continuació -.

