
 
 



Preoperative prediction of colorectal liver metastases aggressiveness using machine 
learning to select patients for chemotherapy  
 
Supervisor: Martijn Starmans 
Contact: m.starmans@erasmusmc.nl 
 
The prognosis of colorectal liver metastases is highly influenced by the 
so-called histopathological growth pattern (HGP), i.e. the interaction 
between the liver and tumor tissue. Patients with more aggressive growth 
patterns have a far worse prognosis and may benefit from preoperative 
neo-adjuvant chemotherapy. Unfortunately, the HGP can currently only be 
determined based on surgery and thus post-operatively. 
 
The aim of this project is therefore to preoperatively predict the HGP based on computed 
tomography images using machine learning. Previously, we have already distinguished pure 
HGPs (100% of one type) using deep learning and radiomics (submitted). Hence, using 
those methods, you should be able in this 10 week / 3 month internship to develop a similar 
approach for mixed HGPs using an already acquired multicenter database of 400 
patients.This project is a collaboration with the departments of Surgical Oncology and 
Medical Oncology. 
 
Related research: 

- https://doi.org/10.1245/s10434-019-07910-x 
- https://doi.org/10.1117/12.2293609 
- https://doi.org/10.1016/B978-0-12-816176-0.00023-5 
- https://doi.org/10.1002/bjs.11410 
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Preoperative prediction of colorectal liver metastases aggressiveness 
using machine learning to select patients for chemotherapy  
 
Supervisor: Martijn Starmans 
Contact: m.starmans@erasmusmc.nl 
 
While patients with a sarcomere mutation are at high risk for hypertrofic 
cardiomyothy, the disease does not manifest itself in all patients. Manifestation of the 
disease impacts the function of the heart. Quantitative inspection of MRI scans of these 
patients has shown characteristics such as thickening of the heart muscle and irregularities 
compared to healthy hearts. Quantitative assessment of these characteristics could aid 
clinical care by selecting patients at high risk for developing complications. 
 
The goal of this study is therefore to use radiomics to quantify the heart muscle based on 
MRI in patients with a sarcomere mutation. To this end, we will use previously gathered MRI 
scans of patients with the mutation and scans of healthy volunteers. 
 
Related research: 

- https://doi.org/10.1007/s00330-020-07370-y 
- https://doi.org/10.1117/12.2293609 
- https://doi.org/10.1016/B978-0-12-816176-0.00023-5 
- https://doi.org/10.1002/bjs.11410 

 

 
 
 
 
 

https://doi.org/10.1007/s00330-020-07370-y
https://doi.org/10.1117/12.2293609
https://doi.org/10.1016/B978-0-12-816176-0.00023-5
https://doi.org/10.1002/bjs.11410


 
3D Face Modeling from Multi-view 2D photos  
 
 
Supervisor: Xianjing LIU, Gennady Roshchupkin 
Contact: x.liu.1@erasmusmc.nl, g.roshchupkin@erasmusmc.nl 
 
 
 

Modeling the 3D face is essential for clinical applications (e. g., craniofacial surgery). It also 
helps unravel the complexity between facial morphology and health outcomes. However, 
compared with 2D images, 3D images are much more costly and difficult to acquire.  

This project aims to develop advanced algorithms to reconstruct 3D faces from 2D images. 
We have thousands of multi-view 2D images, together with the 3D ground truth. We already 
developed pipelines for the data preprocessing, as well as deep models for the 3D face. This 
saves you the efforts so you can focus more on the algorithm design. This project might be 
challenging, but may make a difference with our unique 3D ground truth data. 

 

 
 
 
 
 
 
 

Reference: 

MVF-Net: Multi-View 3D Face Morphable Model Regression 

https://openaccess.thecvf.com/content_CVPR_2019/papers/Wu_MVF-Net_Multi-View_3D_F
ace_Morphable_Model_Regression_CVPR_2019_paper.pdf 

Cross-modal Deep Face Normals with Deactivable Skip Connections 

https://openaccess.thecvf.com/content_CVPR_2020/papers/Abrevaya_Cross-Modal_Deep_
Face_Normals_With_Deactivable_Skip_Connections_CVPR_2020_paper.pdf  

https://openaccess.thecvf.com/content_CVPR_2019/papers/Wu_MVF-Net_Multi-View_3D_Face_Morphable_Model_Regression_CVPR_2019_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2019/papers/Wu_MVF-Net_Multi-View_3D_Face_Morphable_Model_Regression_CVPR_2019_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2020/papers/Abrevaya_Cross-Modal_Deep_Face_Normals_With_Deactivable_Skip_Connections_CVPR_2020_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2020/papers/Abrevaya_Cross-Modal_Deep_Face_Normals_With_Deactivable_Skip_Connections_CVPR_2020_paper.pdf


Filling the gap: restoring missing MRI scans  
Supervisors: Sebastian van der Voort, Karin van Garderen 
Contact: s.vandervoort@erasmusmc.nl, 
k.vangarderen@erasmusmc.nl 
 
 
 
In recent years deep learning has seen a rapid increase in 
popularity. In neuro-imaging deep learning is frequently used to 
automatically segment brain tumours based on MRI scans. 
Multiple MRI scans with different contrast are made of a single 
patient that represent different tissue characteristics, such as T1-weighted and T2-weighted 
scans. Most deep learning algorithms base their prediction on these different scans and thus 
rely on the presence of these scans for all patients. 
 
However, in clinical practice, it is often the case that one or more of the different contrast 
scans are missing, either because the scan was not made for a specific patient or because a 
scan’s quality is unacceptable. This not only severely limits the amount of data that can be 
used to train deep learning algorithms, but also results in available algorithms being 
unusable for some patients. 
 
The aim of this project is to develop a deep learning algorithm that can generate the missing 
contrast types from the scans that are available for a patient. The generated scans will then 
be used to automatically segment the tumour, and this performance will be compared with 
alternative approaches to deal with missing sequences. 
 
Related research: 
https://arxiv.org/pdf/1904.12200.pdf 
https://arxiv.org/pdf/1909.11464.pdf 

                                  
Examples of four different MR contrast types, showing different tissue properties. The red 

arrows indicate the tumour. 
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Preparation is half the battle: pre-processing brain scans for 
deep learning 
 
Supervisors: Sebastian van der Voort, Kim van Wijnen 
Contact: s.vandervoort@erasmusmc.nl, 
k.vanwijnen@erasmusmc.nl 
 
In recent years deep learning has seen a rapid increase in 
popularity. In neuro-imaging deep learning is frequently used to 
automatically segment anomalies (such as tumours) or to 
predict clinical characteristics of a patient based on the MRI scan. 
 
An important but often overlooked part of these deep learning methods is the pre-processing 
of the MRI scans. Scans often originate from different scanners and hospitals, resulting in a 
difference in the image appearance of the scans. The deep learning method can then 
erroneously learn and predict this difference instead of learning based on the image 
characteristics that are caused by the disease. 
 
Therefore, the aim of this project is to develop pre-processing metrics and methods that can 
be used to evaluate and correct for the difference in image appearance that are not related 
to the brain anomalies. To test the generalizability of these methods, they will be evaluated 
on brain scans with enlarged perivascular spaces (PVS) and on brain scans of patients with 
brain tumours. 
 
Related research:  
https://arxiv.org/pdf/1907.12452.pdf 
https://arxiv.org/pdf/2010.04425.pdf 
 
 

          
   MRI scan of a patient with a brain tumour    Crop of MRI scan with enlarged PVS (red arrows) 
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MR you seeing what I’m seeing: Generating quantitative MR 
 
Supervisors: Juan Hernandez Tamames, Sebastian van der 
Voort 
Contact: j.hernandeztamames@erasmusmc.nl, 
s.vandervoort@erasmusmc.nl 
 
MRI scans are commonly used to diagnose various brain 
anomalies, such as brain tumours. However, these MRI scans 
are not a quantitative measure, and scans of the same patient 
on different scanners often result in different image intensities. This makes it hard to 
compare scans that originate from different scanners and institutes. 
 
This has led to the development of quantitative MRI scans, where the image intensity values 
correspond to the actual tissue properties. However, these quantitative scans are often 
time-consuming and are therefore not commonplace in the clinic.  
 
This project aims to develop a deep learning method that can ‘translate’ the qualitative MRI 
scans to the quantitative maps as a solution to this problem. We will use generative 
adversarial networks (GANs) for this purpose, along with data from subjects for which both 
the quantitative and the qualitative MRI scans are available.  
 

                               
 
    Qualitative T1 image of a brain Quantitative T1 map of a brain 
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Expand & Conquer: From Slices to Full Brain Annotations 
 
Supervisors: Kim van Wijnen, Gerda Bortsova 
Contact: k.vanwijnen@erasmusmc.nl, 
g.bortsova@erasmusmc.nl  
 
 
 
The burden of enlarged perivascular spaces (PVS) is an important imaging biomarker for 
cerebral small vessel disease and is associated with cognitive decline and dementia. 
Generally, this burden is quantified manually and in only a few specific slices, as annotating 
enlarged PVS in the full brain is far too time-consuming. However, this is quite subjective, 
tedious and a rough approximation of the full burden. There is a clear need for automated 
methods to quantify the burden more quickly, reliably, and completely.  
 
The aim of this project is to develop an automated method for detecting enlarged PVS in 
brain MRI scans using semi-supervised deep learning. A convolutional neural network 
(CNN) will be optimized on scans with annotated slices and should predict annotations in the 
full brain scans. The method will be developed using a set of 1000 scans of the Rotterdam 
Scan Study with dot annotations of enlarged PVS in several specific slices.  
 
Related research:  
https://arxiv.org/pdf/1907.12452.pdf 
 
 
 

    
                 Annotating PVS with dots in an MRI scan Brain with a MRI scan slice 
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Deep learning for musculoskeletal image analysis 
 
Supervisors: Jukka Hirvasniemi, Stefan Klein 
Contact: j.hirvasniemi@erasmusmc.nl 
 
Osteoarthritis is a common musculoskeletal disease. It causes a large 
economic burden on society and reduces the quality of life of patients. 
Therefore, methods that are able to identify subjects who will develop the 
disease in the future are important. Advanced machine learning methods 
for segmentation, classification, and prediction of the disease are needed, 
because osteoarthritis is a complex and heterogeneous disease [1]. 
 
We have large X-ray and MR image datasets available for the projects related to following 
topics: 1) segmentation of knee structures from MRI, 2) classification of osteoarthritis, or 3) 
prediction of future osteoarthritis. 
 
[1] Kokkotis et al. Machine learning in knee osteoarthritis: A review. Osteoarthritis and Cartilage Open 2020. 
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Photoreceptor quantification and analysis using Adaptive      
Optics retinal imaging 
 
 
 
BIGR supervisors: Danilo A. Jesus, Luisa Sánchez Brea  

External supervisors: Kate Grieve, Michel Paques 

Contacts: d.andradedejesus@erasmusmc.nl 
   l.sanchezbrea@erasmusmc.nl  

 
 
 

 
 
Adaptive Optics (AO) is a technique that enables the acquisition of high-resolution images of the               

human retina, allowing to study the photoreceptor mosaic. The photoreceptor density, geometry,            
and distribution are well known biomarkers for a number of inherited retinal degenerations, such as               
retinitis pigmentosa, choroideremia, or achromatopsia, which are uncommon, but have a           

high-impact in the patient’s life. The aim of the project is to develop algorithms based on AI to                  
segment and quantify photoreceptor cells in AO images of the retina. This project is a collaboration                
between BIGR and the Quinze-Vingts National Ophthalmology Hospital and Vision Institute (France).  

 
 
 

 
Figure: Example of a mosaic segmentation (left) and central point of the cells (right). 
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Vasculature analysis using Adaptive Optics retinal imaging 
 
 
 
BIGR Supervisors: Danilo A. Jesus, Luisa Sánchez Brea 

External supervisors: Kate Grieve, Michel Paques  

Contacts: d.andradedejesus@erasmusmc.nl 
   l.sanchezbrea@erasmusmc.nl  

 
 
 
 

 
Impairment of retinal circulation has been identified as having a key role in the pathogenesis of                
some of the leading causes of blindness, including macular degeneration and diabetic retinopathy,             

and it has also been suggested as a window to cardio-vascular diseases. Recent advances in Adaptive                
Optics imaging have enabled the acquisition of high-resolution images of the retinal vascular tree. In               
this project, new biomarkers will be extracted from these images using deep learning techniques.              

The segmentation problem will be followed by a classification problem to differentiate between             
healthy and retinal vascular abnormalities. This project is a collaboration between BIGR and the              
Quinze-Vingts National Ophthalmology Hospital and Vision Institute (France).  
 

 
 

 
Figure: Adaptive optics flood illumination ophthalmoscope image with manually segmented outer and inner             
vessel walls. 
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Glaucoma classification using deep learning techniques based       
on multimodal retinal imaging 
 
 
 
BIGR Supervisors: Danilo A. Jesus, Luisa Sánchez Brea 

External supervisors: Ingeborg Stalmans, Jan van Eijgen  

Contacts: d.andradedejesus@erasmusmc.nl 
   l.sanchezbrea@erasmusmc.nl  

 
 
 

 
Glaucoma is the leading cause of irreversible blindness worldwide and its prevalence is expected to               
increase in the following decades. Since its damage is preventable but irreversible, an early diagnosis               

and close follow-up of glaucoma patients are primordial. Therefore, the aim of the project is to                
develop and implement new deep learning techniques to automatically detect and classify glaucoma             
based on 3D-OCT (Optical Coherence Tomography), Color Fundus Photography, and 3D-OCTA (OCT            

Angiography). Different CNNs will be developed from scratch based on each modality individually             
and combining different modalities. The project is a collaboration between BIGR, Porto University             
(Portugal), and KU Leuven (Belgium). 

 
 

 
Figure: Color fundus photography in a healthy eye (A); OCT in the same subject showing normal foveal contour                  
(B); OCTA in a healthy eye showing various retinal and choroidal vasculatures (C, i-iv). 
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A cure for glaucoma: exploiting machine learning for sight 
 
 
 
Supervisors: Danilo A. Jesus, Luisa Sánchez Brea 

External supervisors: Ingeborg Stalmans, Jan van Eijgen  

Contacts: d.andradedejesus@erasmusmc.nl 
   l.sanchezbrea@erasmusmc.nl  

 
 
 
 

 
 
Glaucoma is the leading cause of irreversible blindness in the world. Despite state-of-the art              

diagnosis and treatment, a significant proportion of patients progress towards blindness. Treatment            
and follow-up overrelies on intraocular pressure (IOP) and a considerable number of patients             
develop the disease within a normal IOP range (normal tension glaucoma), hence are yet              

unexplained. The Leuven Eye Study longitudinally follows a large cohort of these specific glaucoma              
patients and healthy controls since 2013. The cohort is facing its third study visit and its dataset                 
includes >100 vascular parameters of over 600 study subjects, making it most suited to solve the                
enigma once and for all. A challenging hurdle in this quest is to simultaneously manage hundreds of                 

parameters, including missing and longitudinal data at once, for which machine learning techniques             
will provide an answer. This project envisions to guide a driven Master student to take on this                 
challenging dataset to model disease progression against new and experimental parameters of            

disease, developing predictive models for progression and pave the way for novel therapy targets.              
The project is a collaboration between BIGR, Porto University (Portugal), and KU Leuven (Belgium). 
 

 
 

 
Figure: Normal vision (left), early stage glaucoma (center), and later stage glaucoma. 
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Choroid and retinal layers segmentation in OCT imaging based         
on deep learning approaches 
 
 
 
Supervisors: Danilo A. Jesus, Luisa Sánchez Brea 

External supervisors: Nicolas Chateau  

Contacts: d.andradedejesus@erasmusmc.nl 
   l.sanchezbrea@erasmusmc.nl  

 
 
 

 
 
The accurate segmentation of the retinal layers and choroid is very important for the diagnosis and                

follow-up of a number of retinal diseases such as Age-related Macular Degeneration, Glaucoma, or              
Diabetic Retinopathy. A network based on a state-of-art segmentation model, U-net, has already             
been developed at BIGR to segment three retinal layers. This project will continue the existing work                

by developing a new model for the segmentation of 9 retinal layers and the choroid. This project is a                   
collaboration between BIGR and a company, Imagine Eyes, France.  
 

 
 

 
Figure: segmentation of different retinal layers around the fovea in OCT data of a healthy retina (A) and a                   
retina affected by pathology (B). 
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Estimating intraocular pressure and corneal structure      
parameters from the backscatter in Scheimpflug images of        
cornea during air-puff tonometry 
 
 
Supervisors: Danilo Jesus, Luisa Sánchez, Martijn Starmans  

External supervisors: Robert Iskander, Monika Danielewska  

Contacts: d.andradedejesus@erasmusmc.nl 
   l.sanchezbrea@erasmusmc.nl  

 
 

 
 
Corvis-ST tonometer is an advanced air-puff instrument for measuring the intraocular pressure and             
some parameters characterizing corneal structure. Recently, it has been shown that the information             
carried in the imaged cornea can be utilized for differentiating subjects with different stages of               

keratoconus from healthy participants. In this project, we are interested in knowing whether the              
backscatter (the information within the cornea) carries also information related to the intraocular             
pressure and other parameters of the corneal structure. For that, a database with measurements of               

200 of healthy young (<35 y.o.) subjects will be used. The stromal backscatter will be analyzed with                 
WORC, an open-source Python package for the easy execution of end-to-end machine learning             
pipelines. Using automatic algorithm optimization, WORC will automatically determine the optimal           
combination from a wide variety of methods to develop a backscatter signature on the dataset (i.e.                

to classify the images according to the intraocular pressure or other corneal structure parameters).              
This project is a collaboration between BIGR and Wroclaw University of Science and Technology,              
Poland. 

 

 
 

Figure: Corneal deformation during the Corvis ST measurement. Corvis ST tonometer emits a rapid air puff,                
and corneal deformation is recorded using a high-speed Scheimpflug camera. (A) shows an image prior to air                 

puff applanation, (B) shows an image in the first applanation, (C) shows an image at the highest concavity, and                   
(D) shows an image in the second applanation. 
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Interpretable neural networks for dementia risk prediction 
Supervisors: Arno van Hilten, Gennady Roshchupkin 

Contacts: a.vanhilten@erasmusmc.nl, g.roshchupkin@erasmusmc.nl 

Dementia is one of the most prevalent neurological diseases and the 
occurrence of dementia is rising substantially worldwide. Although, as of 
now, no treatment is available for dementia, preventative measures can 
delay the onset of cognitive symptoms. Identifying individuals with high 
risk for dementia is therefore important for more efficient targeting.  
 
In this project we want to use deep learning to predict dementia risk. We 
developed a framework with interpretable neural networks for predicting 
genetic risk and now we want to train these networks for dementia. 
Networks in this framework are interpretable because biological 
knowledge is used to define all the connections in the neural network (figure). We can get 
insights into what the most important genes and pathways are for predicting dementia by 
training the network shown in the figure. The most important genes and pathways will get 
assigned the highest weight. 
 
In this project you will develop new neural networks by including different types of biological 
knowledge, train these networks to predict dementia and finally inspect them for clues into 
the biological mechanisms that cause dementia. 

 

 

 

 

 

 

 

 
Figure: Example of a neural network from the GenNet framework. In this framework, we use 
biological knowledge to structure the network in a biologically plausible way.  
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Predicting human height with neural networks 
Supervisors: Arno van Hilten, Gennady Roshchupkin 
Contact: a.vanhilten@erasmusmc.nl, g.roshchupkin@erasmusmc.nl  
 
Height is a highly heritable trait which means that nearly all information 
about someone's height is coded in the genome. The genetics of human 
height is well studied since it is easy to measure, highly heritable and 
widely available in genetic databases. Thousands of genetic variants have 
been associated with height and even more are included in predictors to 
predict human height. Despite all this, a simple calculation based on the 
parents’ height is still better than the current state-of-the-art genomic 
predictors. 
 
In this project we want to build a new neural network architecture for predicting height. 
Neural networks are rarely used for predicting human height since genomic data is huge and 
no neural network architecture is suitable to deal with this huge input size. However, recent 
studies indicated that we can improve our predictions drastically if we include only variants in 
a small region around all associated genetic variants. This gives us a way to build a new 
neural network, an architecture that focuses on only the relevant part of the genome. 
 
Height is the gold standard for quantitative traits in genetics. The neural network developed 
in this project will have many applications such as predicting: BMI, blood pressure, 
bone-mineral density and lipid levels in blood. 
 
 
 

 
Image from https://www.mrgscience.com/ 
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Developing an analysis tool for quantitative 
dynamic contrast enhanced MR of the knee 
 
Supervisors: Dirk Poot, Tijmen Zadelhoff 
Contact: d.poot@erasmusmc.nl, t.vanzadelhoff@erasmusmc.nl 
 
Osteoarthritis is a growing problem for the society. It occurs most 
often in the knee joint and the most prevalent symptom is pain. 
The current treatment aims for pain relief and preventing 
progression. Instead of only wear of the cartilage, there is 
growing evidence that inflammation plays a role as well. In 
chronic inflammation new blood vessels are formed to meet the 
increased oxygen demand. An innovative treatment is to 
embolize such newly formed blood vessels. In the Erasmus MC 
we started the NEO study, a randomized controlled trial testing 
this minimally invasive treatment for knee osteoarthritis. 
 
To evaluate the hypothesis that the embolization causes pain 
relief, as well as to study the precise mechanisms, the patients 
undergo extensive MRI exams of the knee prior to treatment and 
1 and 4 months after. With dynamic contrast enhanced (DCE) 
MRI we study the perfusion, as proxy of the treatment effect and 
inflammation, of the synovium. 
 
In this project the aim is to develop an advanced analysis 
pipeline for the DCE images, extending previous work of our 
groups in this direction. Special focus is on the image registration 
to compensate subject motion as well as positioning differences 
of the knee between the scan sessions as well as on the 
computation of quantitative metrics. 
 
Ultimately this should result in validated and user friendly software that has improved 
reproducibility of the metrics that are derived from the MR measurements and hence 
improved sensitivity and specificity of this and future trials. 
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Augmented reality in surgical oncology 
 
Supervisor: Pierre Ambrosini 
Contact: p.ambrosini@erasmusmc.nl 
 
During intervention in surgical oncology, localization of specific tissues         
(tumors, blood vessels,...) can be difficult. Generally, surgeons have to          
look at pre-operative images (such as CT, SPECT scan, MRI) acquired           
before the intervention in order to visualize the tissues of interest and            
make a 3d mental representation of their positions. Dye can be used as             
well to help seeing tumors. In this project we look at the possibility of              
using augmented reality during surgery to provide more visual information to the surgeon             
during the intervention. Such information would be extracted from pre-operative images and            
align with the patient during the intervention. Mixed reality glasses (optical see-through            
headset) would be used to superimpose the 3d model (e.g. tumor 3d model) onto the reality.                
Different parts in this project have to be investigated: registration (alignment) between            
pre-operative images (before intervention) and intra-operative images (during intervention),         
deformation model of tissue (e.g. breast; prone/belly position vs supine/back position). This            
project will be done in close collaboration with involved surgical oncologists. 
 

 

2018, Perkins, Perceptual Accuracy of a Mixed-Reality System for MR-Guided Breast 
Surgical Planning in the Operating Room 
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3D photogrammetry in craniofacial surgery 
Supervisors: Tareq Abdel Alim, Gennady Roshchupkin 
Contact: t.abdelalim@erasmusmc.nl, g.roshchupkin@erasmusmc.nl 

Project description 
The healthy pediatric skull consists of bone that is connected by fibrous joints             
or sutures at which growth occurs in the first years of life. In pediatric patients               
with craniosynostosis, premature closure reduces growth at the site of the           
affected suture with compensatory growth occurring at the open sutures. When           
left untreated, the resulting abnormal cranial morphology can lead to functional problems in addition to               
the cosmetic concerns. These problems include inhibition of brain growth, increased intracranial            
pressure (ICP), developmental delay and visual impairment. 

Surgery is still the primary treatment, preferably before the age of 6 months. To evaluate the effect of                  
these surgical interventions, there is an urgent need for reliable quantitative analysis methods. 3D              
stereophotogrammetry is a non-invasive imaging modality that is able to reconstruct the patient’s             
surface as a digital 3D model (mesh). 

The department of neurosurgery in the Erasmus MC has acquired a large number of 3D meshes from                 
patients with craniosynostosis. However, to facilitate reliable analysis, a robust pre-processing           
pipeline is essential. In our case, such a pipeline involves quality assessment and enhancement of the                
meshes, as well as registration/alignment of the data such that they all are oriented within the same                 
plane of reference. 

The goal of this project is to implement or develop a robust methodology for pre-processing of the                 
existing (and future) 3D cranial data. 

 

 

 

 



Outcome prediction of craniofacial surgery 
 

Supervisors: Tareq Abdel Alim, Gennady Roshchupkin 
Contact: t.abdelalim@erasmusmc.nl, g.roshchupkin@erasmusmc.nl 

 

Project description 
The healthy pediatric skull consists of bone that is connected by fibrous joints or sutures at which                 
growth occurs in the first years of life. In pediatric patients with craniosynostosis, premature closure               
reduces growth at the site of the affected suture with compensatory growth occurring at the open                
sutures. When left untreated, the resulting abnormal cranial morphology can lead to functional             
problems in addition to the cosmetic concerns. These problems include inhibition of brain growth,              
increased intracranial pressure (ICP), developmental delay and visual impairment. 

Surgery is still the primary treatment, preferably before the age of 6 months. Post-operative 2D               
images are graded by clinicians to evaluate the aesthetic results. The goal of this project is to develop                  
a deep learning model that can predict aesthetic surgical outcome using these 2D images.              
Additionally, we want to investigate what features contribute to a better grade (i.e. what does the                
clinician consider aesthetic success).  

 

 

 

 

 

 

 

 

 



Brain vessel and anatomy analysis in DSA using deep learning 

Supervisor: Ruisheng Su, Theo van Walsum  

Contact: r.su@erasmusmc.nl, t.vanwalsum@erasmusmc.nl 

Stroke is one of the worldwide leading causes of death and permanent disability.             
Recently, endovascular therapy (EVT) has been proven effective in recanalizing the           
occluded vessels and brain territory, leading to improved outcome for patients           
suffering from acute ischemic stroke. Digital Subtraction Angiography (DSA) is the           
imaging modality for visual procedural guidance and reperfusion assessment in EVT.           
Such DSA image sequences (2D+Time) provide information on vasculature, perfusion          
profile and brain anatomy, which are valuable for treatment quality assessment,           
therapeutic decision making, as well as outcome prediction. However, such          
information is mainly captured visually and interpreted subjectively by interventional neuroradiologists           
so far, which can be error-prone and time consuming. Therefore, this project aims to assist clinicians                
to maximize patient benefits in an automated manner leveraging the power of artificial intelligence.  
 
Vasculature analysis in DSA images forms the basis of many biomarker extraction and quantitative              
analysis applications. In this context, graduation projects are available on (a combination of) the              
following subjects: 
•    Deep learning method for artery-vein separation in DSA sequences; 
•    Accurate vessel segmentation in DSA using deep learning techniques; 
•    Vessel centerline extraction in DSA based on deep learning; 
•    Enhanced visualization and quantification of vessel recanalization in DSA. 
 
Brain anatomy recognition can be of vital importance in DSA image registration, patient functional              
outcome prediction. In this regard, graduation projects are available on: 
•    Landmark localization in DSA; 
•    DSA sequence denoising using deep learning. 
 
During the projects (6-9 months), you will be working on developing deep learning methods for solving                
specific tasks, as well as comparing the proposed methods with state-of-the-art solutions. In this              
project, you will further consolidate the following skills: deep learning, python programming,            
image/video processing, computer vision, statistical analysis, scientific writing, etc. 
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Cerebral vessel information and vessel territory definition from CTP and CTA images 

Supervisor: Jiahang Su, Theo van Walsum 

Contact: j.su@erasmusmc.nl, t.vanwalsum@erasmusmc.nl  

Background: Stroke is one of the world leading causes of death disease. The             
majority of strokes are caused by an occlusion of a large vessel (LVO). Much              
research is done to understand the cause of the disease and to optimize the              
treatment. An important milestone was the demonstration that endovascular treatment          
(EVT) may improve the treatment outcome of patient with an intracranial large vessel             
occlusion, in five randomized control trials in the past. The vessel structure in middle              
cerebral artery (MCA) can provide valuable information on severity of patient with            
LVO. Such information can be further help clinicians for decision making of treatment             
plan. In clinical practice, Computed Tomography Angiography (CTA) and Computed          
Tomography Perfusion (CTP) (CTA+t) are used for assessing the status of patients. The project will               
focus on the vessel information extraction, occlusion finding and regional information definition using             
deep learning based and/or traditional methods. The project will be done in close collaboration with               
(interventional) neuroradiologists. 

Projects (duration: 6-9 months): 

Projects will focus on (a combination of) the following aspects: 

● Deep learning method for artery-vein separation in CTP sequences; 
● Registration of 3D CTA to brain atlas and vice versa using deep learning based method; 
● Vascular territories definition; 
● Automatic occlusion detection on both CTP and CTA images; 
● Obtaining topology and labeling of arterial trees; 
● Finding symmetry between left and right arterial trees. 

Requirements: the projects are best suited for a student with 

● a major in artificial intelligence, computer science, engineering, physics or related area, 
● an interest in medical image analysis, and 
● Experience in Python programming and preferably also with with deep learning packages            

(e.g. PyTorch) 

If you are interested in one of the topics above, email us! We will be more than happy to discuss with                     
you further for all the possibilities.  
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Mixed reality navigation 

Supervisor: Mohamed Benmahdjoub and Theo van Walsum 

Contact: m.benmahdjoub@erasmusmc.nl,  

    t.vanwalsum@erasmusmc.nl 

Current navigation systems permit the integration of pre-operative imaging data or           
planning in minimally invasive interventions. One of the challenges in using these            
systems is the continuous 
switching from focus for the physician, going from patient to navigation screen to             
patient. Modern augmented reality approaches enable integration of patient data          
virtually ‘on top the patient’, and thus such approaches may enable more effective             
navigation approaches. Purpose of this project is to investigate approaches enabling           
the use of AR in surgery, such as integration with a navigation system. This project               
will be done in close collaboration with involved surgeons. 
 
 
 
Assessment and improvement of registration for liver tumor ablation 

Supervisor: Theo van Walsum 

Contact: t.vanwalsum@erasmusmc.nl 

The BIGR group has developed a registration approach that permits to use            
pre-operative diagnostic images in ablation procedures in the liver. Recently, this           
approach has been further automated and improved in computational efficiency.          
Purpose of this project is to assess the added value of this approach in clinical               
practice, and further improve the applicability of the method in clinical practice. This             
project will be done in close collaboration with interventional radiologists. 
 
 
 
 
3D Ultrasound to CT registration using deep learning 

Supervisor: Theo van Walsum 

Contact: t.vanwalsum@erasmusmc.nl 

Integrating CT in US guided RF ablations may enable tumor visualization 
and thus help clinicians to accurately locate the tumors. However, CT to US 
registration is a notably hard problem, as conventional similarity metrics 
such as mutual information do not match the imaging characteristics of 
ultrasound, such as shadows. Recently, deep learning methods have been 
used for image registration, with the benefits of reducing computation time. Purpose of this project is                
investigate deep learning methods for 3D US – CT registration for static 3D US images, using data                 
previously and having been acquired. 
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Deep semi-supervised learning in medical image analysis 

Supervisor: Shuai Chen and Marleen de Bruijne 

Contact: s.chen.2@erasmusmc.nl 

As a branch of machine learning, Convolutional Neural Networks (CNN)  
have shown great potential in the medical image analysis field in recent  
years. However, a problem of CNN is that in most cases, successful  
model training requires a large annotated dataset. Such datasets are  
difficult and costly to obtain. An alternative could be to apply semi-supervised learning             
(SSL), in which the model is learned from a combination of annotated and unannotated              
data. This has the advantage that unannotated data is usually much easier to obtain in               
practice.  
 
The aim of the project is to investigate the possibility of combining CNN and              
semi-supervised learning and see if we could make improvements to the algorithm on             
different tasks. The future work will be proposing a new efficient SSL method that              
could take advantage of autoencoder, CNN, GANs, self-supervision, etc. The research           
could benefit clinical applications which have a large amount of unlabeled data. 
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Advanced Self-supervision in medical image analysis 

Supervisor: Shuai Chen, Deep Kayal, and Marleen de Bruijne 

Contact: s.chen.2@erasmusmc.nl 

The success of deep learning, and in particular convolutional neural networks (CNNs),            
in recent years maybe partially attributed to the exponential increase in the amount of              
annotated data that is available. However, in highly specialized domains such as            
medical imaging and radiology, it is much harder to come across annotations.            
Therefore, a new form of unsupervised learning, known as Self-supervision, is           
steadily gaining popularity. 

Self-supervised learning refers to a collection of approaches in which the general            
recipe is to deliberately withhold information about available data and task a neural             
network to predict it. In doing so, the network learns task agnostic general-purpose             
features which have been found to transfer well to downstream tasks. The            
self-supervision pipeline often employs a pre-train and fine-tune strategy, where the           
first step is to train a CNN on a large volume of unannotated samples using a specially                 
designed proxy task, while the second step fine-tunes this pre-trained network on the             
small annotated dataset corresponding to the target main downstream task. 

In this project, we aim to develop novel self-supervison method that is able to utilize               
unlabeled images and learn useful features for the main task, such as image             
segmentation. 
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Learning cortical infarct segmentation from multi-modality      
multi-center imaging data 

Supervisors: Bo Li and Esther Bron 

Contact: b.li@erasmusmc.nl / e.bron@erasmusmc.nl 

Motivation: In this project, we are interested in accurate segmentation of cortical            
infarct and tissue loss in brain MRI scans. Quantitative imaging biomarkers           
derived from brain infarcts segmentation are important clinical indicators to the           
risk of stroke and dementia, and brain functions such as memory and cognition.             
However, up to date, the segmentation of infarcts still mainly relies on the manual              
delineation by experienced clinicians (as the figure below shows), which is           
time-expensive, less consistent across reviewers, and impractical in large-scale         
imaging studies. 

Method and Material: To accurately segment cortical infarcts and tissue loss,           
you will use smoothed manual annotations to optimize a CNN1 model, and            
explore data augmentation techniques and a lesion-specific loss function by          
considering heterogeneous appearances of the lesion. The method will be          
evaluated on the analysis of cortical infarct from a multi-center longitudinal           
dataset (Heart Brain Study2 and Trace-VCI Study3) where manual annotation is           
available. 

Reference 
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InfarctAge: Determining lesion age for clinical stroke 

Supervisors: Esther Bron, Frank Wolters (Epidemiology/Neurology), Bo Li 

Contact: e.bron@erasmusmc.nl 

Motivation: 

Covert brain infarcts (CBI) are the most common incidental finding on brain imaging,             
with a prevalence of over 20% in the elderly population. CBI are associated with an               
increased risk of clinical stroke, dementia and mortality, but the optimal diagnostic and             
therapeutic management of patients with CBI remains undetermined. This is for large            
part due to the lack of tools to identify high-risk patients in whom more aggressive               
treatment with for instance antithrombotic medication is warranted. For the secondary           
prevention of stroke, it is well-known that urgent medical treatment after TIA and stroke              
greatly reduces the risk of recurrent stroke. Time since occurrence of ischemia is             
therefore an important determinant of clinical recurrence risk. However, as of yet there             
are no methods to determine the infarct age on scans of patients who did not               
experience clinical symptoms.  

The evolution of infarcts on MRI is a gradual process, which in part can be captured by                 
assessment of for instance diffusion-weighted images (until several weeks after the           
event), but for large part is impossible to pinpoint for the human eye. We therefore               
propose to aggregate longitudinal scans from patients with clinical stroke to train a             
neural network in the recognition of infarct age (development + validation). 

This project: 

The main research question of this MSc project is “Can the age of symptomatic infarcts               
be learned?”. You will optimize and validate a neural network (e.g., CNN, RNN) that              
learns the age of an infarct from an infarct image patch. Different approaches from the               
literature and previous work can be considered. You will use data from the Rotterdam              
Study (~75 small infarcts, 40 large infarcts) at different timepoints. Additional data from             
other studies (Heart Brain Connection, UK Biobank) is available. 

 


